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Her Excelleney Corazon C. Aquine, President
of the Repubdic of the Philippines, delivered
the 1980 Wodd Food Dav address ar IRRI
13 October.

IRRI IN THE PHILIPPINES

Her Excellency Corazon C. Aquino, President of the
Republic of the Philippines, visited TRRT on 15 October
1986. During thatvisie she delivered the 1986 World Food
Dav address, dedicated TRRITS new Bicrechnolegy and
Sced Health Laboratory, and reviewed TRRI vesearch
programs

Inheraddress, she spoke co some of the issues relating,
to agricultural reseavch i general | to host country colla-
boration and cooperation, and to the challenges facing,
nations and the intermational agricvdrural researciv system.
Some excerprs follow:

“Today, sone 200 million tons of food qraiins ar: stored in
the wivrehouses of both developed and developing corntries. Mot
developivg countvies have becrr able to raise domestic food
production above the levels of their population qrowtl.

“Hlow did ibis happen?

“Screntific researcl conducted by IRRT sond other sinilar
prosprams and vescarcl conters has been the prineipal catalvst of
change . ..

“Uhe gpreen revolution i vice and other crops as brownht s
time. Tine i whicl to gt our global howse i order, to find the
means and the political will ro distribute the gowing wealth of
our world more cquitably ro those who still do ot bave the basic
necessities of Ufe, before thenr numbers ontserip the abiliey to feed
then ..

“Lshould like to thank the donors of TRRI fiis their support
and concern for the welfire of o people. asud the peoples of other
developing countrics of the world. [ should also like to appeal for
their continued and increased suppore. We are proud rhar the
Pinlippines is the Lome of IRRI and gratetul that the honor for
its aclievements bas i some small measioe yefiected on us who
have Dosted its efforts, eves as we bave cujoved ity benefits.”
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The internationsal Rice Research Institute {IRRI) was establhished in 1960
by the Ford and Rockfeller Foundations with the help and approval of the
Government ot the Philippines. Today IRRI s one of the 13 nonprofit
intersational research and training centers supported by the Consulta-
tive Group on International Agricultural Research {CGIAR) The CGIAR s
sponsored by the Food and Agriculture Organization (FAO) of the United
Nations, the Internatioral Bank for Reconstruction and Development
(World 3ank), and the Unied Nations Development Programime (UNDP)
The CGIAR censists of 50 donor countiies, internanonal and regional
orgamizations, and private foundations

IRRIreceves support, through the CGIAR, from a number of donors
including the Asran Devetopment Bank, the European Economic Comn-
munity, the Ford Foundation, the International Development Research
Ceatre, the Internatonal Fund for Agricuttural Development, the OPEC
Special Fund, the Rockefeller Foundation, the United Nations Develop-
ment Programme, the Wourld Bank, and the internanonal aid agencies of
the following governments  Austraha, Belgium, Canada, China, Den-
mark, France, Federal Repubhic of Germany, India, ltaly, Japan, Mex:co,
Netherlands, New Zealand, Norwav, Phitippmes, Saudr Arabia, Spamn,
Sweden, Switzerland, United Kingdom, and United States

The responsibility for this punhcation rests with the hternational
Rice Research Institute:

Copyright = international Rice Research Institute 19487

All nights reserved Except for quotations of short passages for the
purpose of criticiem and review, no part of this publication may te
reproduced, stored inretrieval systems, or transmitted i any furm or by
any means, electronic mechamcal, photocopying, recording, or other-
wise, without grior pzrnussion of IRRE Thes permission will not be
unreasonably withheld for use for noncommercial purposes. IRRI does
not reatire payment for the noncommercial use of its published works,
anc hopes that this copyright declaration will not diminish the bona fide
use of its research fiindings in agricultural research and development

The designations employed and the presentation of the material in
this publication do not imiply the expression of any opimion whatsoever
on the part of IRRI concerning the legal status of any country, territory,
city, or area, or of its authornities, or concerning the delimitetion of its
frontiers or boundaries
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INTRODUCTION
wo billion people in China, India, Indonesia, and
Bangladesh, along with millions more in other
countrics, depend on rice for more than half the
protein and calories they consume. The number
grows datly. Food sccurity for much of the developing
world hinges on the capacity of farmers toincrease rice
production from existng ricelands at some 3% annually
over the next several decades.

Mceceting the demana for increased productivity
depends upon astream of new knowledge about rice and its
cnvironments and new technology to utilize that knowl-
cdge. IRRTis the nevus of a dynamie, mteractive system
striving to mecet that research goal. Our collaborations with
basic and strategic rescarch institutions dovetail with the
strategic rescarch we undertake ar IRRL The applied
rescarch we undertake doverails with our collaborations
with national agricultural rescarch programs and their own
applied and adapuive research activities (Fig, 1),

1. Basic research builds knowler!ge
Strategic research selects from that
knowledge the tools with which to
solve specific research probleams. But
those solutions are stll far from
apphcable technology Applied
research bulds from basic and
strategic research to develop new
technology. Adaptive research modifies
that technology to fit specific
sHuidtons
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We place major emphasis on fosrurm;: rhe upansmn
ot a global family of rescarch institutes and scientists
dedicated to improving, the produm\lrv profitability,
stability, and sustainability of rice and rice farming systems.
We rely on numerous pathways ot collaboration —
mteractions with advanced rescarch institutions all over the
world; cooperation among, scientists of many rescarch
disciplines and laboratories: our own global rescarch
services; the global rescarch networks, and our agreements
with national agriculture rescarch system programs. In all
these collaborations, research and training go hand in hand.

Nearly 5,000 rice scientists from 78 countries have
been rrained through IRKI so far, Many of those w orking
tor master's and doctoral degrees have been trained jointly
with the University of the Philippines at Los Baftos, on
whose campus IRRI is located. Countless other scientists
have benetited trom the growth that comes through
professional collaboration. Several countries that once had
only a few personnel trained to undertake pl()blun solving
rice research now have rescarch institutions staffed and
cquipped ata professional level. Many IRRI alumni oceupy
responsible administrative positions in their national rice
research institutes and rescarch systems.

I‘mgus\ in improving nce production and produc-
aviey inirrigated and favorable rainfed arcas can be
attributed, to a considerable extent, to these mcamm.,ful
partnerships. We expect rescarch on the less favorable ric




IRRI HIGHLIGHTS 1686 7

environments of the world to be as productive. And we
expect progress on both frontiers to accelerate because of
the strength of our historical collaberations and the
dynamism of our new collaborations.

STRATEGIC RESEARCH
COLLABORATION

cvelopments on many frontiers of science and

technology are explosive. Biotechnology and

genetic engineering...micro-clectronics and com-

puter sciences...satellite imagery and educational
technology. As we look ahcead, it is obvious that our
patterns of collaboranion and cooperation will continue to
cvolve as we exploit the enierging opportunitices.

Already, the collaborations we have in highly technical
and innovative research areas are stimulating all our
rescarch and training, The rescarcher interactions comple-
ment the resources aid capabilities of the IRRI sraffand the
resources and capabilities of varicus national programs,
particularlin the use of innovative research techniques.

Our collaborations with advanced rescarch institutions
involve numerous complex interactions. Some include the
assignment of scientists to IRRI to conduct rescarch of
interest to IRRI and to the organizations seconding the
scientists. In other partnerships. advanced scientific institu-
tions apply sophisticated analytical techniques in their own
laboratories to help resolve problems identified ac IRRI In
1986, we collaborated in more than 70 projects with
advanced research centers in ditferent parts of the world.

Many of the research arcas related to rice are also
concerns of other international institutions: insect pest
physiology and ccology (International Centre of Insect
Physiology and Ecology), fertilizer technology develop-
ment (International Fertilizer Development Center), soil
(International Board for Soil Research and Management)
and water management { International Irrigation Manage-
ment Institute), agricultural policy analysis (Internarional
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COLLABORATION WITH

ADVANCED RESEARCI

INSTITUTES

In establishing collaborative basic and

strateqic researel relationships, IRRI

applies these basic princsples:

® Thye rescarch is identified by IRRI as
necessary to salving specific problems.

@ The collaborating institution has a
clear comparative advantage and
competence in the type of work
tnvolved.

® Tl reasonable expectation is that
the research will vield significant
resulis within a given time.

® Necossary funding is available.

Such collaboration helps us

capture the power of wpstream yescarch

for solving complex: downstream prob-

lems. In addition, it belps to advance

the fronticrs of knowledge, a basic

requasite for a continuous flow af new

techmologies.

q
Food Policy Rescarch Institute (IFPRI). Sister institutions
funded by the Consultative Group on International Agri-
cultural Rescarch (CGIAR) thar include rice rescarch in
their agendas are the International Institute of Tropical
Agriculture (HTA) in Nigeria, the West Africa Rice
Development Association (WARDA), and the Inter-
national Center for Tropical Agriculture (CIAT) in
Colombia.

The International Service tor National Agricultural
Research (JSNAR) is concerned with strengthening
national rescarch svstems and contributes to the increased
cftectiveness of rice research and development more
generally. The International Crops Rescarch Institute for
the Semi-Arid Tropics (ICRISAT) and the International
Maize and Wheat Improvement Center (CIMMYT) have
mandates for crops thatarc of interest in rice-based farming
systems.

In addition, nationally-funded organizations, such as
the Centre International de Recherche Agronomique pour
le Devetoppement (CIRAD) in France, puisue activities
closely related to global interests in rice research and
development.

Through collaboranon with these — and many other
institutions — IRRT secks to identify and capitalize onall the
complementarities that exist. A tew reports of the progress
on many rescarch fronts foliow.

Genetic engincering

The understanding of rice genetics lags far behind that of
other important food crops. To accelerate our application
of emerging techniques in genetic engineering to improve
rice, we have intensified our research on basic genctics and
our collaborations with basic rescarch institutes.

Genetic markers and trisomic stocks have been
assembled or produced; linkage maps have been associated
with respective chromosomes through the primary trisomic
technique, and additional marker genes are being mapped.
Such rescarch on linkage mapping is expanding through
the Rockefeller Foundation-supported wide hybridization
project.

Of the 22 known loci of isozymes of rice plumules,
only 3 had been mapped. Now 12 more have been assigned
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to their respective linkage groups using the trisomic
technique. This brings the total of localized isozvmes which
exhibit variation among cultivated rices to 15, In coopera-
tion with Cornell University, USA, the restriction fragment
length polymorphism (RFLP) genetic map of rice is being,
prepared — with the goal of more than 100 DNA markers
mapped by 1990,

The 15 localized isozymes which exhibit variation
among cultivated rices provide convenient marker genes to
usc in conventionalas well as innovative and biotechnology-
based breeding. Another useful application is subspecific
classification of varietics for beteer exploitation ot genetic
resources. We have analyzed materials from Brazil, Korea,
India, Viernam, USA, and the Institute for Research in o -
Tropical Agriculture (IRAT) and have developed a simpli- éaimggz:zg ge:gggrf;:z?fﬁzcmc

fied classification method that is reliable, fast, and cheap | varieties 1o better exploit genetic
(Fig 2) resources. This method is reliable and

e fast, and demands only a modest
research investment.

o
Pgi-2 - 3
- i
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3. Throug:i embryo resciie, we have
been able to produce hybrids between
cultivated rice and O. officinalis, a wild
species with resistance to brown
planthopper and whitebacked
planthoper. Backcrosses of the F,
hybrids to O. sativa resulted in
progenies with inherited resistance.
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We have already begun wide hybridization. Wild
species of rice possess genes of potential value for
improving cultivated varicties, but until recently these
genes could not be reached by rice breeders because of
crossing and recombination barriers. Through embryo
rescue technigues, we have been able to produce hybrids
between O, sativaand O. officinalis, a wild species with high
resistance to brown planthopper and whitebacked plant-
hopper. We sclected lines from a second backeross which
look like O. sativa but which are resistant to brown
planthopperand whitebacked planthopper. The next step is
to combine these new sources of resistance with other
breeding hnes (Fig. 3).

Usctul traits are present in other wild species; we are
expanding our rescarch in utilizing these traies for rice
improvement.

Protoplast culture and fusion between wild rices and
cultivated species could solve prefertilization incompatibil:
ities. Regeneration of plants through 2 vitve culture is a
prerequisite to successtul protoplast fusion. In addition to
O. perennzs, which has shown regeneration in somatic
cultures, we have produced callus from O, wivara and O,
rufifoqon/O. sative and are studving repencration from the
induced calli. In addition, we have successtully germinated
immature sceds of Scbleropbvllum conrctarum, a wild species
which is an important source of genes for salinity and
submergence tolerance, Plants have been raised from
protoplasts of a japonica varicey at the University of
Nottingham, UK.
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We are using anther culture to devetop breeding lines
suited to Latin American conditions in onr collaborative
project with the Universidad Nacional Pedro Rutz Gallo,
Peru. From 8 indica crosses from Peru, 224 lines have been
sclected and sent to Peru for testing under tocal conditions,

Four anther culture hines from Iy IRRI crosses were
sent to Peru forevaluation ofagronomic characteristics. All
lines vielded higher than both parents, and one ourvielded
the local check (Fig. 4).

Work with the Rural Development Administration
(RDA) ot Korea in developing cold tolerant lines continues,
The 64 lines sent to Korea this vear brought the number
being evaluated to 1,248 in 3 vr. [IRRTand RDA/Korea are
using the same meda and in vitro culture,

Cooperative experiments with the Tissue Culture for
Crops Project, Colorado State University, USA, arce
exploring the use of biotechnology in improving, rices tor
adverse environments. Some somaclonal vartants isolated
alrcady have produced siperior breeding, materials for sale
tolerance.

tolerance tor problem soils in cooperatton with the
University ot Sussex, England. The rescarch has been

salt tolerance inrice. The importance of growth rate, tissue
sodium uptake tor salinity tolerance i rice has been
established and screening methods have been developed
(kig. 5).

Yield (t/ha)
10

AC700
ACEB3 -
8 Ll
6 }—
4 -
2
0

Line/Variety

We studied physiological and genctic aspeats of

directed mainly toward explaining the basic mechanisms of

tolerance, leat compartmentation, and reot selectivity of

4. Of the 4 anther culture iines sent to
Peru for agronomic evaluation, 1 line
— AC700 — even outyielded the local
check.
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5. Increased salt tolerance of 2 anther-
cultured lines — TCP6533 and

| TCP6533-3 — from the cross
1R46/Pokkali.

Tungro virus

We have identified rice variery Ralimau Putih as tolerant of
A tungro composite caused by tungro bacilliform and
tungro spherical viruses. Batimau Putih infecred bv both
viruses does not show tvpreal symproms — healthy and
fected plants do nor differin height and vigor. Serological
tests showed thar the viruses did not multiplv in infected
Balimau Putih plants as they did in susceprible TNU. Yield
reduction was about 20% in infected Balimau Putth, 90% in
infected TN,

Serodiagnosis of rice viruses

Serologyis essential in virus rescarch. We have isolated pure
forms of rice tungro bacilliform and spherical viruses from
rice plants infected with tungro and have puritied rice
grassy stunt and ragged stunt viruses (Fig, 6).

For immunization, we separately injected purificd
viruses into rabbits and obtained antiserum specitic to each
virus. The serological tests we have developed (enzyme-
linked immunosorbent assay and latex) are efficient in
detecting the viruses in rice plants and vector insects. The
latex test is particularly simple and does not require
sophisticated laboratory equipment to run.

We also obrained monoclonal antibody to rice grassy
stunt virus in collaboration with the American Type
Culture Collection, Maryland, USA.

Using, the antisera, we can make major progress on
understanding virus resistance and epidemiology. Because
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7. Reactions of IR varmwties artificially
inoculatec: with turgro composite:
disease caused by RTBV and RTSV,
using selected green leafhopper
colonies

seea.angs, resulting in more discase transmission. The IR54
colonv also caused sigmificantly higher infection rates on
other varieiies with the Gam Pai genes.

in natural field infestavions in South Sulawesi
Indonesia, some IR varieties had relatively high infection,
indicating the presence of green leathoppers thar can
avercome varienal resistance,

Resistance to brown planthopper

We are collaborating, with the Tropical Development and
Research Institure «TORI), London, to determune the
mechanisms of rice resistance to brown planthopper. The
acceptabifity of a variety by brown planthoppers can be
quantified by the time from when the inseet starts probing,
to the time of sustained feeding. Using a high-resolution
video systemy, we detected a resistance mechanismassociated
with the plane surface. Data suggest antibiosis, a non-
preterence mechamsm, that is stronger in resistant varicry
IRO2 than in [R46.

Whenwe electronically monitored brown planthopper
feeding, on other varieties, we found no difference in the
insect’s ability to locate its primary feeding site (the
phloem) regardless of the resistance of the variety.
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Tolerance for I deficiency

Varietal tolerance tor P deficiency is important, not only in
Oxisols, Andosols, and acid sulfate soils, but also in arcas
with multiple stresses. Varieties that can exploit soil and
tertilizer I etficiently continue to be identified. Confirmed
efficient P users are medium- to Jong-duration varictics.
The use of Pefficient varictics in conjunction with P

fertilization and organic amendments gave a response of

1.7 t/ha and increased available I in the soil.
Of three rice races tested inan acid upland soil, the
Japonica entries were found to be less suseeptible to

aluminum and manganese toxicities and to have beteer

vigor than the aus and indica entries.

Inanacid acrobic soil where mineral analyses revealed
deficiencies of Ny P, Ca, and Siplus low Fe-to-Mn ratio,
UPL Ri-7 developed by the rice breeders of the University
of the Philippines at Los Baiios (UPLB) gave the lm,hur
vield.

Studics onthe growth limiting factors of problem soils
continue and methods for mass scicening and for deter
mining the mechanisms of rolerance for roxicities and
nutrient deficiencies are being developed. Using, chloro.
phyll fluorescence for mass screening against such soil
stresses as salininy and acid sulfare conditions shows
promise as a tool for rapid sclection of resistant rices.

Biological control of fungal discases

Antagonistic bacteria from ricetields potentially could
control rice diseases where host plant resistance is not
cttective or where breeding efforts have not focused on
resistance. I collaboration with Korea, we isolated 167
bacteria trom Korcan ricefields; 58% inhibited most rice
fungal pathogens, including Pyécnlaria orvzae. Most of the
bacteria which produced blue fluorescent pigment on
King’s Medium B were antagonistic to at least three rice
fungal pathogens.

Primary screening, for the effectiveness of pmm]smg
isolates will be tested in Korean (\pulmult stattons in
[987. Similar projects are planned with scientists in China,
124, and Thailand.

Wecollaborated with the Department of Microbiology
and Microbial Generties ar the University of Ghent,
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Belgium, to isolate and test the taxonomy of 23 of the
bacteria strains. On the basis of phenotypic and biochemical
test, the bacteria were identified as Bacillus pumilus, B.
laterosporus, Pseudomonas acroqinosa, P. fluorescens, and P,
welrisubalbicans. Servatin marcescens and a species of Erwinia
also were identified.

As part of the application of biotechnology to rice
improvement, scientists from diverse disciplines discussed
the problems and rescarch strategies relared te blast,
bacterial blight, and virus discases at a Rockefeller
Foundation-sponsored workshop this vear.

Because pathogenic varation has been a problem in
developing durable resistance, research collaborations with
the University of Wisconsin and Kansas State University,
USA, will study the genetices of host-pathogen interactions.
The initial focus will be on genetie virulence in Pyricredaria
orvzae and Xanthomonas campestris pv. orvzae. The collabora-
tions also will provide training opportunitics for scientists
8. One of the more than 300 local in national agricultural research systems,
isolates of Bacillus thuringiensis in the
germplasm collection at the Institute of . . .
Biotechnology and Applied Genetic polymorphism in green leafthopper
Microbiology, University of the Genetic polymorphism in Nephotertin virescens was studied
mgg’r’gf;T,;Eﬁo?asgfjé:ﬁ";%gamsi using horizontal starch gel clectrophoresis. Of the 18
1 of 6 lepidopterous pests of rice. enzyme loci studied, 14 were polymorphic. Other enzyme
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loci are now being investigared to determine the genetic

Bacillus thuringiensis — an indigenous microbial
pesticide

Inscct pathogens that control lepidopterous pests can be
cultured in large quantities to be spraved like an insccticide.
The Institure of Biotechnology and Applied Microbiology,
UPLB, has collected more than 300 local isolates of Bacllis
thuringiensis (Bty (g, 8). Laboratory tests found more
than 50% toxicity ina number of them: against green hairy
caterpillar Rivula atimeta, 150; green semilooper Naranga
aenescens, 98 caseworm Nymphula depunctalis, 725 leaf
folder Crnaphalocrocis medinalis, 71; vellow stem borer
Scirpophaga incertudas, 7, and striped stem borer Chilo
suppressalss, 6.

A proteinaceous toxic ervstal formed in Bt sporesisthe
material sprayed on the rice crop. Inseet larvac stop feeding
6-12 hours after cating the B crvstals and dic of starvarion
within 2 days.

Atter the toxicity of pathogen isolates against army-
worms and other fepidopterous pests is evaluated, several
pathogens will be selected tor large-scale production and
field testing,

Btis nontoxic to humans, natural enemices of rice pests,
and the environment.

Biological control of brown planthopper
We field-tested several fungal pathogens against the brown
planthopper in cooperation with the Institute of Agricul-
tural Sciences, Office for Rural Development, Korea, A
small mass production unit in the laboratory produced the
infective fungal material that was applied by conventional
methods.

The fungi significantly prevented brown planthopper

population buildup (Fig. 9, 10, 11).

Botanicals for insect control

We expanded our studies on neem Azadirachra indica sced
dernvatives for pest management. National programs in
Bangladesh, China, India, and the Philippines are col-
laborating with IRRI and the East-West Center, Hawaii,
USA, in adaptive experiments in farmers’ fields.

BPH surviving {no}

3500
3000
2500 -
2000 -
1500
Treoted with
1000 |- Metarhizivm
Treated with anisoplioe
500 }— Beauveria bassiona
0 It i J
5 I4 22

Days after treatment

9. Survival of brown planthoppers
(BPH) treated with Metarhizium
anisopliae and Beauveria bassiana
fungi.

v Y L2

10. A brown planthopper infected with
Metarizhium anisopliae fungus.

“

11. A brown planthopper infected
with Beauveria bassiana fungus.
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was used to estimate total Nloss from irrigated riceticlds at
3 Philippine sites over 2 vears,

Toe simphificd technique indicated that ammonia
volatthzation Toss from the 3 sites was 30 54% when N
fertilizer was surfaceapplicd into floodwarer at 10 days
after transplanting (the common » <1 tice used by many
Astan farmers) (Fig, 14,

Basal incorporation of N fertihizer without standing,
water but with soif saturanon maintained for 4 davs greatly

minimuzed ammonia loss and increased Crop recovery of

applied N and vicld

The estimated mitrification-denitrification loss was
generally unatrected by tertilizer application rate and
method,

Aggregation in puddled soils

The cloddy, poorlyaggregated soil feft atter rice hinders the
establishmient of second crops. We studied the formation of
soilaggregares and their stability in puddled soils after rice
tn collaboration with the Soil Science Institute, University
of Hamburg, Federal Republic of Germany.

Special discriminating analyses established a system by
which the water stability of aggregates can be derived from
the analvtical dara commonly gathered in soil surveys. The
system, now being tested on 200 soils in the Philippines,

13. Mortality of brown planthopper
nymphs on rnice plants sprayed with
neem seed extract, with and without
the nund predator Cyrtorhunus
lvidipenins




14. Cumulative ammonia loss under
different fertilizer management
practices. Aguilar, Pangasinan,
Philippines, 1986 dry season.

S. K. De Datta, reviewing the results of
ammonia volatilization loss studies at
Aguilar, Pangasinan, Philippines.
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could be a simple tool for soil surveying and for mapping
soil aggregarion in puddled soils where data of routine
chemical analyses arc alrcady available.

Evaluarion of water retention curves in long-term
experiments with different organic amendments indicates
that organic matter is effective in increasing the water
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holding capacity as well as the porosity of the Tropaquepts
and Haplaquolls tested.

Rice straw decomposition

We labeled rice straw with MG to measure 1ts decom-
position pattern in acrobic and submerged soils in col-
laboration with the Soil Science Institute, University of
Hamburg,

InIaboratory studies, mineralization rates were highly
rerarded under submergence. But in the field, mineraliza-
tion was very rapid, regardless of water regime, and
followed a logarithmic function in all soils. The decom-
position of remaining, more resistant metabolites and
residues is similar for all soils, with a halflife of about 2
years (Fig. 15).

URPLAND
Temperature (°C)

15. Decomposition of '“C-labelled rice
straw in tropical upland soils and
flooded tropical lowland soils. IRRI,
1986.
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16. Kinetics of soil sotution NH;-N in a
flooded s0il without a rice crop. Rice
straw. azolla, and seshania were
inccrporated at 116 kg N/ha. IRRI
greenhcuse, 1986.

These resultsare in line with long-term studiesat IRRI
on the ettect of warer management in straw-amended plots.

Because ot the rapid inttial minerahzation, application
ot organic substrates with a high carbon-to-nirrogen ratio,
suchas rice straw, depresses both exchangeable soil NHy-N
and soil solution NF4'-N. A visiting scientist from Sri
Lanka studied the nutrient release patterns ot azolla,
sesbania, crotalara, and cowpea green manures and rice
straw. Unlike straw, preen manure incorporation enhanced
NHy N concentration in sotl and soil selutions and
increased cice vields (kg 1oy,

Effect of tillage on soil physical properties

Tillage stadies ar Sukamandi, Indonesia, of soybean tol-
lowing irrgated vice are paralicled by studies at Los Bafios
sean and

of mungbean following irrigated rice. Both soy
mungbean following deepwater rice will be studied in An
Glang, Vietam. The studies have similar experimental
designs and use sumilar procedures to measure sotl-water
and sotl-strength vartables.

For the Los Batos experiments, the HTA Program in
grai-legume improvement 1s providing intensive evalua-
tion ot cropawater relarions tor promising, cultivars and
IFDC 15 helpmg with studies ot sotlnitrate conservation by

L D F,’;:‘; Sriimegte hitend
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weeds i legume - fallow - rice sequences. These studies are

part ot o larger collaboration with the Universite of

Reading, England, that is examining water and nitrogen
relattonships i rice - fegume cropping, svstenms, Growth
chamber studies are bemng done i England.

Speaial facilities at Consiglio Nazionale delle Ricerche,

Pisa, Iraly, used ditferent implements and varving levels of

puddiing warer and energy o measure Tos Banos soil

samples for the soil micromorphological clfects of

puddhing,

New techniques of pneamatic tracture for measuring,
sotl strength were apphied o sotl samples from Los Banos
nllage experiments at the University of Minnesota, USA
(g 175

The suitabiliny of soil for dryv ttlage or puddling i

intlucnced by the mechanical strength and stabiliee of

apgregates. The appropriateness of various rice sotls for
alternative torms of fand preparation is being, evaluated,
using tests of apgregate stability developed for temperate
lattude sonls from CSIRCY, Australia,

17. Soit suitability for flooded and for
dry tillage 1s influenced by the
mechanical strength and stability of
agygregates. We studied rnice soils and
soits used for dry tillage ot munghean
following rice, using newly developed
samphing techmques
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The studies show that cffective puddling can m
achieved with lower inputs of puddling warer and energy
than farmers generally use, and that rice vields do not sutter
with lower inputs. We determined that the minimum
cnergy needed to decrease water infiltration to an acceptably
low I mm/day was 3 kJ/m* ground arca with plowing and
5 kJ/m? with rototilling.

A new floating rototiller was able to puddle a unit area
of ricefield more quickly and conveniently than cither a
skid-supported rototiller ora plow and harrow. However, it
was less effective in controlling weeds and it weakened a
shallower zone of soil - a feature that could impair root
and crop growth during periods when field submergence
cannot be maintained.

Soil management in rice-based cropping systems
Methods tor maasuring physical variables in flooded rice
soils have been developed by the National Research
Institute of Agricultural Engincering (Japan) and the
Universities of Ibaraki, Nikon, and Tsukuba. An English
text authored by scientists from rhose institutions that
describes these methods is in production ar IRRL Dis-
cussion torums are provided rhrough soil scientists and
agrohydrologists concerned with the physical aspects of
sotl management in rice-based cropping, systems.

Monitoring canopy photosynthesis

We monitored canopy photosynthesis and night respiration
in irrigated rice and used compurer-modelling to detect
constraints to light utilization and vield formation at
different developmental stages of the crop in collaboration

p':\otosvmhesis A transparent with the Botany Institute, University of Hamburg (Fig. 18).
chamber is placed over the crop for v e A e C tae preadie

less than a minute to monitor carbon in b(_)th wet and ary season 5Fudlt5, traditional
dioxide uptake and vapor release of transplanting caused severe physiological shock, strongly

the plants. A portable generator makes

the system mobile. IRRL. 1986 reducing tillering, and delaying crop development by

2 weceks. Dibble-sceded rice formed a closed canopy in a
shorter time and produced more dry matter than trans-
planted rice (Fig. 19).

Recovery of symbiosis from endophyte-free azolla
The aquatic fern azollais in symbiosis with nitrogen-fixing
cyanobacteria Anabaena azollae Strasburger. Separarion of
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We have found that Na-fixing blue-green algae are
ubiquitous in rice soils. Therr abundance correlates with
soil pH and available P (Fig. 21). In most rice soils,
indigenous Na-fixing blue-green algae occur at densities
much higher than can be brought about by inoculation with
strains selecied in the laboratory. Applving phosphorus,
controlling grazer populations with orgamic pesticides,
using, deep-placed N, and inoculating with an inoculum
produced from the indigenous soil had positve effects on
Na-fixing activity, surface accumulation of N, total plant
weight, and grain weight.

IRRIs blue-green algac collection now centains about
180 strains from 17 countries, most of them Na-fixing
strains 1solated from ricefields.

Green manure crops

Research on stem-nodulating legume Sesbania rostrata has
intensitied, in collaboration with the University of Giessen,
Germany, GTZ and CIRAD.

Systems analysis and simulation for rice production
Simuiation models — simplitied, mathematical representa-
tions of reality — are now much more accessible because of

21. Heterocystous blue green algae

Heterocystous BGA (1cg CRU/cmé {log CFU/cm?) in soils as a function of

8 T T s e ; ;
soil pH. Algal flora found in 130
ricefield soiis from: 6 countries
7+ o contredicts the earlier helief that N,-
. fixing blue-green algae are not present
. 3 in many rice soils. N,-fixing blue-
6 I~ . o €. green algae were found in all soils
s . o * studied, at densities averaging 3 . 10°
e s s o ° colony-forming units/cm? soif.
PO ] .0‘ o s )
5 . - o Heterocystous blue-green algae
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22. Crop growth simulation modeling
was studied by 32 scientisis from 6
countries and IRRI at the Centre for
Agrobiological Research, CABO,
Wageningen, The Netherlands, as the
first stage of a long-term cooperation.
IRR! and collaborating countries are
developing capacities to use
simulation models in the application of
basic research en physiological and
ecological processes in applied and
adaptive studies of upland and
lowland rice.

the availability of personal computers. Models of crop
production with no soil or biological contraints now help
predict potential vields for new sites. Water status and the
effect ofwater stress on crop grovtl can be stmulated fairly
well, particular? tor a field wit™ a deep soil water rable.
New miodels are being developed as knowledge of crop
Processes grows,

We have been collaborating with the Centre for
Agrobiological Research, Wageningen, The Netherlands,
in a training course on modeling and simulation of rice
production. Bastc materials were crop simulation models
developed ar Wageningen and rice crop data from IRRI.

Eightr multidisciplinary teams of four scientists cach
from six countries and IRRI complered studies involving,
both a crop growth simulation model and crop growth
validation research (Fig. 22). Some computed potential rice
production in their own country, taking into account
specific weather conditions and varietal characteristics.
Others added soil water balance, to quantify the cffect of
mtermittent drought on vield, Several studies concerned
the damage caused by specitied levels of biological
constraints — vellow stem borer, leat” blase, weeds. One
group studied the effect of nitrogen fertilizer on crop
production.
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In the second phase, IRRI will extend its capacity to
use simulation models 5§ systems analysis techniques and
national institutes will develop cheir own infrastructures to
ettectively use basic rescarch in country-specitic models on
the physiological and ccological processes of upland and
lowland rice.

Increasing yields of short-duration varietics
Short-duration varictics usually have lower vields than
medium-duration varieties. In collaburation with the
Tropical Agriculture Rescarch Center, Japan, we studied N
level and spacing wirh six short-duration varieties and
breeding liaes. Low vields could be explained by less sink,
which is attribured to less Nin the plant at flowering.

This can be offser by closer plant spacing, resulting in
maximum tiller numbers before panicle initiation. Panicle
number type varieties are less responsive to cultural prac-
tices than are panicle weight or intermediate types.

Optimum growth duration and maximum vield may
vary with cultural practices and soil fertility. When growth
duration is shorter than optimum, yields decrease because
of the small amount of differentiated sink caused by low N
m the plant in the spikeler initiation stage. When growth
duration is longer than optimun, vields decrease because of
an increase i degencerated sink.

Maximum N efficiency in sink formation was observed
in 125-day varieties at 20- X 20-cm spacing.

Farm-level fertilizer nitrogen efficiency

We evaluated the agronomic and cconomic feasibility of
deep placement of N fertilizer in irrigated fields against
standard practice and other improved practices. Deep
placemenr of urea supergranules was as good as, and often
better than, other practices.

The Center for Soil Research, Indonesia, has a pilot
project in Java to evaluate the cconomics of urea super-
granules and priiled urea over the long term. In 7 of 12
trials within 2 years, urea <upergranules ar 60 kg N/ha
produced the same yield as prilled urea at 90 kg N/ha
(Fig. 23).

[n erials conducred by the Soil Fertility Division of the
Thailand Department of Agriculture, deep N placement
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3. Rice yield increase and net
benefits from deep-placed urea
supergranules and split applied prilled
urea. Farm-level fertilizer efficiency
trials, Pati, Central Java, Indonesia,
1985-86 wet season.
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was superior. Ina cooperative project with the Bangladesh
Rice Research Institute, deep placement of 58 kg N/ha
gave significantly higher vields than other fertilizer treat-
ments and was similar to yields with 90 kg N/ha using split
application.

Cooperative trials with the Philippine Ministry of
Agriculture suggest that ar 58 kg N/ha, deep placement
has a potential advantage in some locations, but split
application was just as efficient at most sites.

Grain quality
The major aroma principle in cooked milled rice of cight
aromatic varieties from five countries has been identified as
2-acetyl-I-pyrroline through gas chromatography-mass
spectrometry studies by flavor chemists at the USDA
Western Regional Research Center, Albany, California.
IRRT cereal chemists identified the rices. Pandan leaves
commonly added during cooking to impart aroma contain
the same chemical.

IRRT cereal chemists carlier found that hard gel
consistency rices have harder cooked rices than those with
soft to medium gel consistency. A cooperative study with
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starch chemists at Kagoshima University, Japan, demon-
strated that the amyloses of hard gel consistency rices have
properties similar to those of low-amylose Japancese rice
starches.

High-amylose rices have been shown to have lower
plasma glucose and insulin response than waxy, low-
amylose, and intermediate-amylose rices. Estimates by
nutritionists at the University of Toronto of the glycemic
index of three high-amylose rices differing in gel and
Amylograph consistency at the gelatinization temperatures
used 1n processed rice products, parboiled rice, and rice
noodles suggest that low gelatinization temperature rices
have higher glycemic index than intermediate ones. The
major factor scems to be shorter cooking time. Processed
rice products also tend to have lower glycemic indexes than
milled rice.

Feed quality of straw

The ruminant feed quality of the straw of IRRI varieties is
being studied in cooperation with animal scientists at the
Institute of Animal Science, UPLRB, and the University of
Mclbourne and LaTrobe University, Australia. Varietal
screcning of both high-yielding and traditional variceties
also has been done with the Animal Feeds Section, TDRI,
London. Dry matter and organic matter digestibilities
differed between wet and dry season crops, suggesting a
significant effect of environment on the feed value of rice
straw.

Upland crops for rice-based farming systems

The most important upland crops grown before and after
rice are mungbean, soybean, cowpea, maize, peanut, and
sorghum. We collaborate with national programs and other
international centers to identify varieties suitable for rice
farming systems.

In 1986, we cevaluated 266 advanced cowpea breeding
lines from IITA for environmental adaptability, discase
resistance, and yield performance. Several short- and
medium-duration lines were superior.

Ot 240 soybean lines tested for adaptability, discase
resistance, maturity, and yield performance, 42 were
advanced for yield tests. We also evaluated 16 cach short-,

F-—"'—_——__——-—_n—l__—_-_j
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medium-, and long-duration cultivars for yield performance
and seed storabiliry,

In collaboration with the Philippine Institute of Plant
Breeding (IPB), we evaluated 3,715 mungbean cultivars
for planting, after rice; 44 lines from the Asian Vegerable
Research and Development Center (AVRDC) were highly
resistant to powdery mildew.

An observational nursery of 1,323 peanut cultivars
from IPB and International Sovbean Program (INTSOY)
was planted tollowing rice at UPLB and Pangasinan State
University: 99 were selected for preliminary vield trials and
5 were mcluded in the Asian Rice Farming Systems
Nerwork,

Observational nurseries of INTSOY sovbean cultivars
in wet and dry scasons looked for high nitrogen fixation,
tolerance for acidity rust and Cercospora leaf spot, and
large scededness with high yield.

We evaluated ICRISAT sorghum varicties and hybrids
during the dry season and pigeonpea varicties after lowland
rice under zero tillage. We also screened legumes for acid
tolerance in collaborative research with the Indonesian
Sukarami Rescarch Institute for Food Crops (SARIE).

In collaborative research with the Philippine IPB and
the Thailand Field Rescarch Institute on . ought-tolerant
soybean lines, we evaluated cultivars under line-source
irrigation gradient. Medium-duration (85-90 d) cultivars
performed best; short-duration lines had low vields, long-
duration lines cither had low vields or did not show any
yield advantage.

STRATEGIC RESEARCH
COOPERATIVES

nereasingly, the aceelerating needs for new knowledge

about rice demand thar research be carried ourt ar

epicenters of stress or across the varied environments

in which a problem occurs. Sophisticated rescarch
equipment and the costs of high technology research also
impel reciprocal cooperation.
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New forms of partnership are developing. Some
provide pathways for utilizing the resources of more than
one international or regional research program, others
enable developing countries to collaborate across geo-
graphical and political boundaries. These multilateral
scientist and institutional linkages are a new strength in
mecting the new challenges.

c.rly work directed mainly to irrigated rice was done
mostly in the Philippines. As we shift our emphasis toward
less favorable rice environments, much of our rescarch is
being undertaken jointly with national programs where the
particular rice environment or stress situation is found.

This approach includes developing a coordinated
global research program to accelerate progress in raising
and stabilizing rice yields.

The emphasis is on a particular environment or on a
miegaproduction system, in rescarch designed to serve two
or more countries with similar agroclimatic conditions.

Rainfed lowland rice

Rice 1s grown on about 30 million hectares of rainfed
lowlands in South and Southeast Asia. The most extensive
arcas are concentrated in the belt stretching from castern
India and Nepal through Bangladesh and Burma to
Thailand, Laos, Kampuchea, and Vietnam, Strong links
with national research programs are essential in our
strategies to improve rainfed rice vields.

‘Traditional rainfed varieties are tall and photoperiod
sensitive, ensuring reasonable vield stability under un-
predictable weather conditions. Improved rices should give
higher yields while maintaining as much of that stability as
possible. Such traits as tolerance for drought, flooding, and
adverse sonls that are being incorporated into intermediate
height breeding lines should provide valuable germplasm
to breeders in national programs. Because crop manage-
ment is critical to obtaining higher vields with improved
rainfed rices, agronomic studies go hand in hand with
varictal improvement (Fig, 24).

Our program in Thailand to improve rainfed rice
yields in a drought- and submergence-prone environment
illustrates the collaboration that this work demands. Almost
half of Thailand’s ricc arca 1. in the northeast, the most
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fertilizer increased. Because carly crop establishiment is
essental to avord drought and submergence, we are
studving direct seeding methodswhich could allow farmers
to establish their rainfed rice crop before those stresses
oceur, for a crop i vears when water shortages make 1t
impossible to transplant.

Our rescarch shows cear advantages 1o carlv N
applications i drought prone rainted arcas. Earlv N
appeared to improve plant vigor, enabling the crop to
better withstand moisture stress during vegetative and
reproductive phases (Fig. 25,

Upland rice

About two-thirds of the worlds upland rice 1s grown under
untavorable cnvironments. Ina suney on upland rice,
rescarchers identified four major consrraines: poor soils,
mosthy fow I and depleted major elements; blast, part:
cularly neck blast: drought at difterent tmes during, the
growing scason, and weeds.

Because the problems are smular around the world, a
cooperative of upland rice breeders has been started. These
scienrists are exchanging marerials, information, visies, and
rescarch resules abour breeding materalsin diverse ditticult
conditions. The group mcludes SARIE in Indonesia,
Centro Nacional de Pesquisa-Arvoz Fenydo in Brazil,

Instirur des Savanes i West Afvica, the Umiversite of

Chiang Mai, Thailand, and West Bengal, India, with
support trom CIAT, HITALWARDA, IRAT, and IRRI

In 1986, promising linesand varieties chosen for their
adaprability to poor sotls, blast resistance and drought
tolerance, and good vegerative vigor were exchanged.

In West Bengal, breeders selecred several TR entries
that showed betrer drought tolerance than the local cheeks
(Fig. 26). At Villavicencio, Colombia, 73 progenies from
[IRRIand NARS were selected foradaptability to poor soils
and blast resistance (Fig. 27). At IRRI, about 140 cntries
were selected trom the more than 600 screened.

Problem soils

Most rainfed rvicelands sutter from mineral deficiencies,
toxicities, and imbalances. Some irrigated lands, such as the
sodic soil arcas of India and Pakistan, also have such soil

Yield (t/ka)

E.arly N application
g - (172 basal+1/2at 37 DT)
! (—Deluyed N application
(1/2atN1DT+1/2at 65
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phase phase
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25. Effect of N iming and mossturs:
stress on gramn yield of ramfed lowland
rce with 80 kg N.'ha 1RRI, 1986,

DT days after transplanting
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Fa Parents Group Maturity Yield Fwﬂl”m
, : e
IR46787-10 IRAT 104 Satumpikit 61 93 135 72
IR47687-33 IRAT 104 - Salumpikn 61 92 68 38
IR47688-35 IRAT 112 Sein Talay 6-1 M 102 50
IR47697.2 ITA 235 1R9669 6.1 91 85 70
IR47699-22 ITA 235 Falawan 66 87 120 67
IR47699-28 ITA 235 Palawan 66 89 115 55
IR47701-20 ITA 235 UPLR:-7 6.1 80 94 65
IR47705.6 Moroberekan Palawan 66 89 100 7i
1R47721-21 IRAT 177 Boewan: 6.1 89 113 55
IR4772414 Moroberekan |RAT 177 56 a0 140 47
1IR47730-4 IRAT 112 Apura 6/1 8¢ 92 60
Dular flocal check) 2 85 81 32
Panke lccal check) ? 100 123 a
Son {local chou) 2 82 65 43

Manmly SGMI 10 seed durition in Udys
Group  elertrophoresis data

26. Performancc of IR upland varieties
under severe drought at heading in

West Bengal, India, 1986 wet season. | StFeSSCs as salinity, excess Na, and Zn deficiency. In South

and Southeast Asia alone, about 23 million hectares of
adverse soils could be used for rice cultivation it tolerant
varieties and management practices were available,

The complexityand location speciticity of adverse soils
demand that varictal improvement rescarch be carried out
i target environments, Bangladesh, India, Indone s1a,
Pakistan, Philippines, Sri Lanka, Thailand, and Vietnam

27. Performance of IR upland varieties
in poor soils and with severe blast R ———

incidence in the llanos, Colombia, Selected lines” Parents

1986 wet season. IR47686-4-2 IRAT104 /Paiawan
IRIR47686-7 1 IRAT104, Palawan
iR47686-7-2 IRAT104  Palawan
IR47686-8-4 IRAT104/ Palawan
IR47686-10-2 IRAT104 /Palawan
IR47666-12-3 IRAT 104/ Palawan
IR47686-13-2 IRAT104/Palawan
IR47686-C-13-2 IRAT104/Palawan
IR47686-13-3 IRAT104Palawan
IR47691-9-7 IRAT140/Palawan
IR47691-48-5 IRAT140/Palawan
IR47698-16-4 ITA 235 “Kinandang Patong
IR47698-16-5 ITA 235/Kinandang Patong

“All falt under the 6/6 group electrophoresis data.
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participated in a workshop to review the status and needs of
vartetal improvement research. The inability of national
programs to conduct prebreeding research is g serious
Constraint.

Toconduct prebreeding rescarch, IRRL s collabora
ting in 2 research cooperative with mitional programs
sclected tor cach adverse soil tpe (kg 28). We also will
organize shutde breeding, rapid generation advanee
mcthods, and gerimplasm exchange,

Deuep water rice

One probiem that breeders of deep water rice tace is the
location — specitic diversity of needed traits. Arcas that face
sudden rises in Hoodwater need submergence-tolerant
rices. Arcas where floodwaters rise slowly need rices that

can cinnu.lrc therr stems. 28. Within the problem soil research
cooperative, India will conduct

Depending on the Tocation, harvest dates can spread prebreeding research for coastal and

from late October to bevond December., %nas\m\ i their inland salinity, Thailand and Vietnam

for acid sulfate conditions, Indonesia
for peat soils, and Sn Lanka for Fe
toxicity.

need for short- dm.m()n, long duration, and photoperiod-

V:opon

Pakistan

gToiwon

Burrma

@Sri Lanka

Acid- sulfate
Peat soils
Iron toxicity

Coastal and inland salinity
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sensitive varicties, The regional program on deep water rice
t5 based in Thailand, but involves collaboration among
Bangladesh, Burma, and Vietnam, which have significant
deep water areas.

Wide variability must be available for breeders to select
deep water rices for specific cnvironments. The Inter-
nattonal Deep Water Rice Observational Nursery
(IRDWON) has made useful materials available, but these
are rarcly suitable for immediate release in - specific
locality.

The imiting factoris sufticient initial variability, IRRI
makes some 600 new deep water crosses a vear, often
utilizing established varieties and outstanding IRDWON
entriesas parents. In slightly more thana vear, some 300 I
hybrid populations have been provided to national rice
breeding programs,

Several deep water rices introduced by Banjarmasin
Rescarch Institute for Food Crops ( BARIE) through the
International Rice Testing Program were grown in farmers”
field trials in the river backswamps north of Banjarmasin
during the October-April season, when the water gradually
riscs, then stagnates, This additional deep water rice crop
complements the normal rice crop, whichis transplanted in
sequence with receding water from May to October.

Earlier introductions in the rising-water regime had
demonstrated good survivability.

Hybrid rice

IRRT and China have been working collaboratively for 7
vears to develop suitable Fy hybrids. We supply parental
lines possessing short growth duration, good grain quality,
and multiple discase and inscct resistance. Now we are
exploring the potentials and problems of using this
technology to increase rice vields in countries outside
China. A rechnical cooperative on hybrid rice is being
coordinated by Hunaa Hybrid Rice Research Center and
IRRI.

Some 220 delegates and observers from 17 countries
attended the first International Symposium on Hybrid Rice
at Changsha, Hunan, China, 6-10 Oct 1986 (Fig. 29). Nine
technical sessions covered aspects of hybrid rice production,
with particular emphasis on heterosis, male sterility and
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fernility restoration, outcrossing, mechanisms and hybrid
sced production, breeding procedures, discase and insect
resistance, grain quality, cultural management, and phy-
stological and gencetic research,

Effect of female to male row ratio on outcrossing rate
and hybrid sced yield

A cooperanive trial at Suweon, Korea, studied the eftect of
female to male row ratios on outcerossing vate and seed vield
of two cms fines, V20A and Zhen Shan 97A. Zhen Shan
97A flowering synchronized with that of the restorer lines
(Milyang 46R, Milvang 54R, and IR9761-19-1R) used in
the study. V20A tlowering did not synchronize as well with
restorer lines Milyang 46R and Milvang, 54R.

The temale to male row ratios 4:1 and 3:1 gave higher
()urcr()s‘sinb rates and sced vields. The 6.3 18.5% out-
Crossing, rate on ms line 97A resulted in a hybrid seed vield
of 29.1.76.1 g/1 12, V20A showed an outcrossing, rate of
0.6-38.6%, viclding 29.7-90.8 ¢/ m-,

The highest seed yield (90.8 g/m?) was in
V20A/IRO761R, with a row ratio of 4:1 (Fig. 30).

Rice genetics cooperative

The Rice Geneties Cooperative established during the
International Geneties Symposiume held ar IRRI in
May 1985 has as its major aim fostering cooperative
rescarch onall aspects of rice genetics. Its secretariat is at

29. Participants in the 1986
International Sympostun on Hybrid
Rice visited hybrid nice experiments at
Changsha, Hunan, China.
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30. Outcrossing rat-. and seed yield of
different female to male row ratios in IRRIits 15 member coordinating commitree is supported
cytoplasmic male sterie lines V20A v o s i _ o :
and Zhen Shan 97A. Suweon, Korea W standing committecs,

1986

The committee on gene svmbolization has prepared a
st of rules for svmbolizing marker genes and for
numbering chromosomes. The commitree on genctic stocks
has established two centers: at IRRE and at Kyushu
University, Japan. The committee on genetic engincering,
has compiled a dist of possible DNA vectors, The Rice
Geneties Newsletter Vol 3 was published in December
T986. The second International Rice Geneties Symposium
will be held ac IRRT in 1900,

Upstream-downstream network

Rockefeller Foundation is funding an upsircam
downsercam rescarch network to promote the application
of such emerging biotechnology techniques as anther
culture, somatie cell culture, and genetic engineering to
rice improvement. Our participation links TRRT with
laboratories in several developed and developing countries,

Integrated pest management
IRRFisworking witha Food and Agriculture Organization
sponsored Integrared Pest Managementin Rice project for
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Asia to establish pest population thresholds and to train
extension field staft in the integrated pest management
(IPM) concepts of pest control methods. Each region will
need a locahized ser of IPM practices. With veritied 1PM
technology for cach environment and region, farmers can
be trained to apply the technology to masimize profics and
stabilize vields.

Pesticide-susceptibility monitoring

A project to monitor the susceptibility of rice insect pests to
different insecticides involves India, Sri Lanka, Bangladesh,
Thatlnd, Viernam, Malavsia, Indonesia, Philippines, China
and Taipei, Korea, and Japaie The T4 national program
scientists hope to standardize methods of” determining
susceptibility and to monitor baseline susceptibiliey of stem
borers, planthoppers,and leattolders to cight insecticides.

Increased insccticide applications do not increase yield
In Laguna, Philippines. 90% of the irrigated lowland rice
arca is planted to high vielding varicties, with vields
averaging, 4 6 t/ha per crop in the wet and div seasons,
Crops receive 5590 kg N ha and most farmers use
herbicides plus rotary weeders to control weeds,

To control inseets, more than 95% of the rice farmers
spray cach crop 2 to4 nimes. But vield losses attributable to
insect pests were tound to be less than 2% in 3 our of 4
pest-resistant varieties harvested (Fig. 31).

GLOBAL RESFARCH
NETWORKS

ctworks are o central factor in IRRI and

national program collaboration and in coopera-

tion among countries and national and inter-

nationalinstitutions. We initiated international

networks more than a decade ago to accelerate the devel-
opment and diffusion of technology.

In the broadest sense, nerworks Hink individuals and

stitutions with shared purposes and focus. Our networks

Yield loss (%)
15

10 1~

o]

Insecticide application (no /crop)
aq

WS DS WS DS
1I9B4  19BS 1985 1986

41 65 53 a9
t/ha t/ha t/ha  t/ha

31. Yield losses in farmers’ fields
sprayed and not sprayed with
insecticide. Farmers were interviewed
each month during the cropping
season about ther insecticide
application Yield losses were

the difterence between plots receiving
insecticide applications and those not
sprayed. Laguna, Philippines, 1986.
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THE NETWORKS

® Imiernational Rice Testing Progran
— a mechanism for the exchange
among scientists in diffevent
countries of elite vice germplasm, to
be evaluated and utilized in their
own specific environments.

® Duternational Network on Soil
Fertiliey and Fevtilizer Evaluation
Jor Rice — a collaborative cffort
aimed at increasing feriilizer use
efficiency and ar improving and
maintaining the fertidiey of vice soils
throuah mtegrated nunient
MAaAnageniens,

® Asian Rice Farming Systems
Nerwork — an approach for
wdentifying more productive vice-
based farming systems, particularly
Sor small-scale favmers i the
different countries of Asia,

link the international centers with national program
scientists and institutions working toward similar goals.
Through participation in networks, national programs
broaden their resource and information bases by sharing
technology, knowledge, and experience with IRRI and with
cach other.
The nerworks coordinated at IRRI link closely with
our central rescarch thruses and are an effective mechanism
for collaborarion in rescarch, training, and information
transfer among, scientists all over the world, They operate
similarly:
® Exchange information to facilitate the sharing of ideas,
methodologies, and rescarch results,

® Provide scientific consultation through regular meetings
of the scientists from participating countrics to plan
research activities and to analyze results,

¢ Undertake collaborative rescarch, in which pa rticipating
countries jointly plan, implement, monitor, and share
results. They often follow a common research formar to
simplify data comparisons.

® Organize site tours for network participants to review
experiments and varictal performance in the field.

International Rice Testing Program

IRTP links more than 300 rice research stations, institutes,
and universities in more than 70 countries in Asia, Afvica,
Latin America, and Europe. It is the basis of international
cooperation i rice varicetal improvement. In 1980, 24 tvpes
of nurseries were composed and 1,466 nursery sets were
distributed to 52 countries: 69 promising lines were
identified for adaptability to difterent rice environments
and for rolerance tor various stresses (Fig, 32),

Two monitoring tours in 1986 focused on cold-
tolerant rice and varictal resistances to discases and IsCCts:
35 screntists participated and provided input for future
plans of work through continuing collaboration.

The cold rolerance monitoring, tour visited Hungary,
Nepal, Pakistan, India, and Korea. The final workshop on
the status of rice improvement in low temperature arcas was
held in Suweon, Korea.

Rice weather studies were conducted ar 22 sites in
16 countries within the IRTP network that represent wide
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Nursery Entries
IRRIGATED
IRYN (Very Early) IR50, 1R25924-51-2-3 1R32429 47-3-2 2, UPR103-801-2
IRYN (Early) Chanung sen yu 26, KAU1727, C662083, IR13240-108 2.2-3,
Si-p1 692033, IR36
IRYN (Medunn) B(G380-2, BR1532B-10 1 3, IR21820:154-3-2 2.3, IR28118-138-2-3
RAINFED LOWLAND
IRRSWYN (Early) IR21667-9-2-2 3-1-3,1R271178-39-P1, CR213 1002, IR21188-87-3-3-2-2,
IR28941 1641 5, 1R4829-89 2
IRRSWYN (Medium) OR142 99, RP1045-25-2-1, BR61-74-6 J1, RP975 1G9-2, BR11,
IR9E84 643 11 1
UPLAND
IURYN (Early) BG367-4, HPU741, IR10198 66-2, IR19793-25.2-2, IR9729-67 3, IR97G1 19-1
IURYN (Medium) B2997C Th 60-3-3, B3623¢y-Th-49, IR12979-24-1, UPL &1 7, B3622¢-Th 5-4.4,

IR10781-75 3 2.2
LOW TEMPERATURE

IRCTN Ouelia-Inia, Barkat (K78-13), IR19746-26-2 3, IR9202-6-1-1,Lien-chan-Ze- Thou
SALINITY
IRSATON Pokkih, 1IR10198-66-2, Bhurarata-4-10
DISEASES
IRBN (Blast) Tetep, Huan-sen-qoo, Ta-pou-cho-z, SR3044-78 3, IRAT109, IRAT13, IRAT34,
IRAT147
IRBBN (Bactenal
bhight) RPG33-7G 1, IR54, DV85, IR26717-1-1-2-11
INSECTS
IRBPHN {Brown PTB33. Rathu Heenati, B(G367-2, IR13540-56-3-2-1, IR27325 111.2-1,
planthoppr) Sinna Swappu

IRWBPHN (White-
biacked planthopper) IR13475.7-3-2,1R2035-117-3, IR15527-21-2-3, Sufaida 172. W1240

32. Entries performing well in the
.. . . . . . .. . 1985 IRTP nurseries.
variation in climatic environment but with minimal soil

problems during a 20-month study in 1985-86; 65 trials
were completed. Data on daily rainfall, temperature,
humidity, radiation, and windspeed, as well as detailed
information on phenological stages, vield, and yield
components ot 10 genotypes of rice, were gathered
(Fig. 33).

Solar radiation and temperature are believed to be the
major environmental factors aftecting vields in these trials.
A predictor model developed from these data is based on
five weather variables: preflowering day-night temperature
difference, preflowering daytime temperature, sum of
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33. On-site monitoring of weather
variables was standardized for the rice
weather studies. The equipment at
IRAI was duplicated at all 22 sites to
gather standardized data on
temperature, rainfall, and global
radiation.

preflowering radiation, sum of posttlowering radiation,
.md postflowering night temperature, It predicred actual
viclds within 0.5t "ha for more than halfthe trial data used.

The Caribbean Rice Researely Neowork (CRRN, initiated
in February 1986, is sponsored by IRREIRTP, United
Nations Development Programme and CIAT-Canadian
International Development Ageney, International Devel-
opment Rescarch Centre (JDRC). The Secretaria de Estado
de Agricultura of the Dominican Republic i providing
logistical support and facilities.

CRRN expects to contribute to the development of
rice varicties suitable for the environmental and economic
conditions in cooperating countries. Belize, Dominican
Republic, Haitr, Jamaica, Trinidad and Tobago, Guvana,
and Surinam are participating, in the regional program.

In 1986, IRTD nurseries trom IRRI and CIAT were
evaluated at CEDIA-Juma and several lines were selected
for the first observational nursery. Production environ.
ments were defined (Fig, 34).
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F

Environment
IRRIGATED
Favorable temperature
Fertile soils
Prabiems' fungus diseases,
heja blanca vector

Favorahle temperature
Maodarately acid soils
Problems: Fe tox., fungus dis.,
hoja blanca vector

Uniavorable temperature

Fervle -acid soils

Problems low temperature,

fungus disease,

hoja blanca vector

Favorable temperawre-

Neutrai- atkaline soils

Problems: salinity, fungus diseases,
hoja blanca vector

Favorable temperature-
organic soiis

hoja blanca vector

. RAINFED LOWLAND

Shaliow

Problems floodings, fungus diseases,
Fe toxictty, hoja blanca-vector

UPLAND

Moderately favorable
Problems: fungus diseases,
hoja blanca vector,

short droughts

Acid soils-{savanna)
Problems: nutritonals, fungus
diseases, hoja blanca vector

Trachitional
Problems blast, brown spot,
drought stress

Problems: nutritionals, fungus diseases,

Countries
Belize, Cuba, Jamaica,
Gynana, Trinidad, Donminican
Republic, Surinam

Belwra, Dominican Republic,
Trimdad, Surinam

Cuba, Dommican Repubhe

Cube, Guyana, Jamarca,
Haiti, Dominican Republic,
Trimidad

Surinam, Jamaica,
Dominican Republic

Jamaica, Dommican Republic,

Trinidad and Tobago

Belizc, Guyana, Haiti,
Trinidad and Tobago

Belize, Guyana

Belize, Hai,
Dominican kepublic, Trinidad
and Tobago

The tirse advisory committee for CRRN met in Nov
1986 at Juma, Dominican Republic, to develop plans for
regional rice resting and rescarch, IRTP-Tatin America has
its own advisory committee with the program jointly
coordinated by IRRL/CIAT from CIAT headquarters in
Cali, Colombia.

IRTP-Afiica wasmitiared in 1985 to increase the focus
on region-specific needs for improved varicties for different

|
|

34. Rice production environments in
Caribbean countries.
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35. Average yield increases in
irngated low!and rice with prilled urea
(PU) and urea supergranules (USG)
alone and with azolla and straw. First
international trial on integrated
inorganic and organic N tertlizer 1in
irrigated rice. Average of 2 trials,
Wanti, China, 1984-85.

cnvironments i Atrica. The regional IRTP is administered
through collaboration with 1ITA, WARDA, and national
programs on that continent. IRTP-Africa has its own
advisory commitree. Headquarters are at HTA in Nigeria
with jomt coordination by the IRRT Haison scientist and an
IITA saientist.

IRTP in West Africais coordinated by WARDA from
its headquarters in Monrovia, Liberia, IRTP in East Atrica
1s coordinared by an IRRT scientist assigned at Mm()i,m()
Tanzania, The advisory committee for IRTP-Africa met in
March 1986 at Arusha, Tanzania, to develop plans for the
rice testing Program for Africa.

International Network on Soil Fertility and Fertilizer
Evaluation for Rice
Through INSFFER, 57 rice scientists in 22 countries on
3 continents collaborate in rescarch trials, AN COUTSeS,
site tours, and workshops. Integrated nutrient management
is @ major research focus; 12 collaborative trials are being
conducted now.,

Inorganic Nfcrtihzersapplied alone orin combination
with azolla or tresh straw were evaluated in 22 trials at ©

Yield increase over control {t/ha)
19

£ 5B kgN/ha
87 kgN/ha

rd
10~
08
06+

04}-

02;-

S + azolla + strow Deep + azollo + strow
placed

PU 1t UsG 1
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lowland sites in China, Bangladesh, India, and the
Philippines. Yields with azolla plus prilied urca or urea
supergranule equaled yields with inorganic sources alone,
in Wanli, China, they were higher (Fig. 35).

Trials ar 24 irrigated sites in 7 countrics compared
deep-placed urea supergranules and broadeast and in-
corporated sulfur-coated urca with local best split and
standard best split application of prilled urea. Both sulfur-
coated urea broadcast and incorporated and urea super-
granules deep-placed were significantly better than prilled
urca. Inan analysis using a multifertlizer response model
and the fertilizer test model, 51% less N was ~equired to
obtain an initial vicld increase of 1 £/ha it N was applied as
sultur-coated urea instead of prilled urca; 48% less N was
needed it applied as urea supergranules (Fig. 36).

The potential for deep-placement urca supergranules
is promising. India, Indonesia, and Thailand are conducting
multilocation farm trials now.

In rainfed trials ar 31 sites in 9 countries, yield
increases in response to sulfur-coated urea broadeast and
incorporated and urea supergranules deep-placed were
significantly higher than to prilled ureain 33% of the trials.

Yield increase (t/ha)

36. Response of irrigated rice to
sulfur-coated urea (SCU), urea
supergranules (USG), and prilled urea
(PU). Sixth international trial on N
efficiency, 1984-85. DP = deep
placed, BS = best split, B&| =
broadcast and incorporated.

25 - - ]
SCUIBA) > Pl (local RS) USG(DP)> PU (local BS)
/4 trigls scu /3 triols | UsG
20 t— -
AY: 004905 N - PU AY = 005468 N~ )
000026 N°._ 000033N%—_ PU
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15 p- -
AY=002268 N - AY=002892 N-
10 f= oo =-— | It 000003 N? e } (g 000011 N©
| | . t
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37. Response of irrigated rice to N, P,
and K. Averages of 62 dry season and
77 wet season trials. International
long-term fertility trial, 1976-85.

An uitrial yield increase of 1 t/ha required 57% less N
applied as sultur-coated urea and 62% less Napplicd as urca
supergranules.

Hand-placed urea supergranules gave the highest
yields in both rainv and dry seasons in 15 trials comparing
hand and machine placement. In the dry season, machine-
applied urca supergranules resulted in higher vields than
machine-applied prilled urca. Preliminary findings suggest
that machine application may be improved further.

Combining azolla with inorganic fertilizer resulted in
yields similar to those with inorganic fertilizer alone.
Incorporaring azolla crops betore and after transplanting
can substiture tor as much as 60 kg N./ha,

Connnuous trials on the sustainability of vield are
underway on 10 sites in 4 countries. N continues to be the
limiring nutrient. Average vield increases attributable to N
are 1.2 t/hainthe wer seasonand 1.4 ¢/ha in the dry season.,
In sites where several crops have already been grown, P is
beginning, to influence vield (Fig. 37).

The 1986 INSFFER traming, course drew 16 par-
ticipants from 8 countries. Training includes theory,
practice, and ficld trips on aspects of soil fernlity and
ferrilizer management. After the 1986 monitoring tour of
major rice-growing arcas of China, the 20 participants
planned 1987 nerwork activiries.

Av yiald increase (t/ha)

20 —1

5 Dry season
—— Waet season

K NP PK NK NPK

Treotment
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Asian Rice Farming Systems Network

Through ARFSN, IRRI and national programs jointly
develop technology for nonrice crops and for production
systems involving nonrice crops and livestock in the
ditferent rice environments. A working group of program
leaders trom cach collaborating countryand IRRT scientists
MECCTS ONCE A Vear to review programs, discuss major issucs,
and plan collaboration.

Current collaborative research includes cropping
pattern testing, testing, upland crop varieties before and
after rice, long-term cropping pattern and fertilizer studies,
crop-livestock rescarch, green manuring, and the role of
women in rice farming,

Cropping pattern testing is done ar 45 sites rep-
resenting, irrigated, rainfed lowland, upland, and partially
irrigated rice arcas in 12 countries: Philippines, China,
Nepal, Pakistan, Indonesia, Thailand, Bangladesh,
Madagascar, Sri Lanka, Taiwan, Malavsia, and Burma.
Several cropping patterns at cach site have been identified
as brologically and cconomically better than existing
farmers” cropping pateerns,

Eight countries are involved in long-term cropping
patrern and tertilizer studies: China, India, Bangladesh,
Nepal, Thailand, Indonesia, Philippines, and Taiwan. The
matn thrust is to look at crop performance and cftects on
the soil for 3 years or longer. Crop-livestock rescarch is
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conducted in collaboration with the Philippines, Thailand,
Indonesia, Nepal, and China.

The most promising lines from our collaborations on
varictal improvementare multiplied in IRRI and distributed
to countries collaborating in testing upland crops betore
and after rice (Philippines, Indonesia, Thailand, Sri Lanka,
Nepal, Burma, China, Madagascar, Pakistan, Vietnam, and
Bangladesh). The varicties come from national agricultural
rescarch systems and other international agricultural
research centers, including IITA, AVRDC, ICRISAT, and
CIMMYT. ARFSN distributed 183 trials of dirferent
upland crops before rice ar. | 204 trials after rice in the
1985-86 crop year. The crops are maize, sorghum, soybean,
cowpea, peanut, pigeonpea, and mungbean. Collaborators
identified several varieties as better than the two local
varieties included in cach trial.

Sesbania rostrata, a stem noaulating green manure, can
provide a high amount of N to the next rice crop. In 1986,
Thailand, Indonesia, Philippines, Sri Lanka, and
Bangladesh began cooperative research on the biomass
production of five Sesbania species in N substitution
cxperiments,

Crop-livestock systems rescarch within ARFSN is in
collaboration with national programs and relevant research
stitutions (IRRI is not mandated to perform livestock
research). Activities include on-farm crop-livestock trials in
four key sites in Asia (Philippines, Indonesia, Thailand,
Nepal) as well as with the Philippine Institute of Animal
Science. The research is intended to generate technology
appropriate for smaltholder rice-based farming systems.

Women in rice farming

In 1986, we initiated collaboration through ARFSN on
women in rice farming in the Philippines, Indonesia,
Thailand, Bangladesh, and India. The major thrust is to
incorporate concerns about women’s employment and
income into farming and cropping systems research
methodologics. Sites involved are crop-livestock sites in
Batumarta, Indonesia (upland rice); Pumdi Bhuindi, Nepal
(rainfed lowland); Ban Phai (rainfed lowland) and Chiang
Mai, Thailand (rainfed and irrigated lowland); Santa
Barbara, Philippines, and several cropping systems sites in
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Bangladesh. India will focus on the impact of improved
technologies on women in rice-based farming svstems and
the problems and aleernatives for women that are cmerging,
That rescarch will involve 26 research institutions.

GLOBAL RESEARCH
AND TRAINING
SERVICES

RRI'S historical programs have a umrunpm.n\

dyvnanism. Not onlvare the services Lrowing in size,

thev are L\}\H]dll]i., their .1p.1h||mu to provide the

resources needed by the range of research programs,
scientitic focuses, and u)ll.]lml.mnm

International Rice Gcrmplamn Center (IRGC)
Although IRGC did nor do primary ”2Jd collecting during,
1980, the collection continued o arow,as collecrors from
28 countries depostred 4,159 samples. Overall holdings
now total shightly more than 83,000 accessions.
Holdings alone do not adequately reflece the dynamic
cooperation generated by the rice germplasm collection.

and trainees, 9,900 seed samples were sent rescarchers in
national rice research programs and biotechnology research
insticutions. In addition, duplicate sets of their earlier
deposits were returned to the Large rice research stations ar
Patna and Maruteru, India, as their ¢ Jp.umu for germ-
plasm storage expanded. Other accessions of interest in
those Tocalities were added.

A major focus in 1986 was on training technicians for
national programs. In the 12-month Genetic Resources
Conservation and Management traming course, 12 scien-
tists from 8 Asian countries and 2 Afvican countries came to
[RRI for intensive training in the scientific ps meiples and
practical skills of genetic conservation (g, 38).

ACIRRI, they planted seeds they had collected in their
home countries and went through the entire germplasm

This vear, 39,130 seed samples were provided TRRI seaff
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42,673 sced samples distribured through the IRTP
NUrseries .

This collaboration has resulted o the release by
national programs of 155 IRRT breeding lines as varienes,

Those varieties are now being grown on vast arcas of

countries of” Asia, Africa, and Latin America (kg 39).

Shuttle breeding

Rice s grownunder diverse environments and subjected to
many difterent stresses: droughr, excess warer, cold
remperatures, and soil problems. To speed our progress in
developing, improved varieties for the many stress situa-
nons, carly generation segregating, materials must be
exposed to the actual stress. Most of those stresses do not
occur at IRRT headguarters in Los Baitos.

For more rapid progress, we have developed shurrle
breeding in collaboration with rice rescarcliers in locahties
where the adverse stresses actually occur (Fig. 400,

Parents that can contribute the desired resistance or
tolerance to a cross (usually an miproved varety or
breeding line from IRREand alocallv adapted variety of the
collaborating, country) are selected jointly by IRRT and
national scientists, Crosses are made and the Iy progenies
grown at IRRL The Fa populations are grown in the target
environment, where they are exposed to the appropriate
STresses.

Country” Name Breeding line
Brazil Empasc 104 IRB41-167-1-2
Sierra Leone IR4422 IR4422-198-3-6-1
{Liberia)

Nigeria IR46 IR2058-78-1-2-3
(Philippines,

Indonesia,

Brazil,

Ivory Coast,

Cameroons)

Indonesie Tajun IR4744-295-2-3
Indonesia IR48 IR4570-83-3-3
(Philippines)

Vietnam NN58

India Himalaya 741 IR3941-45-P1p-28
India Pant Dhan 6 IR19728-9-3-2
india PR109 IR28224-66-2

“Countries named in parentheses had released the variety earlier.

39. Nine IR breeding lines were
named and released as varieties by six
national programs in 1986.
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40. Shuttling between two locations
for growing alternate generations of
rice breeding lines facilitates selection
for stress tolerance in the target
environment as wel! as for disease
and insect resistance and grain
quality.

SHUTTLE BREEDING

Year ? 2 3 s

Naticnal trials
F2 F F& et (IRTP)
F3 F5

NS

Grain quality
Bacterial blight
Brown planthapcer

IRRI | Hybridization F1

Seeds of locally adapred planes selected tfrom the Fa
population are returned ro IRRI for evaluating Fz progeny
resistance to discases and insecrs and for grain quality,

Selected Fy progeny may again be planted in the rarget
cnvironment and the Fs ar IRR1

We have shuttle breeding projecrs for developing,
breeding materials with cold tolerance and with adaprability
to rainfed lowland, tidal wetlund, and deep warer
condirtions.

Screening for adverse soil tolerance

During 1976-85, 200,000 varictics and lines from the
world collection and IRRI's breeding program were
screened for soil stresses; 18% were idenrified as tolerant of
saliniry, atkalinity, acid sulfate soil conditions, and peat
soils. Some of these tolerant lines, including, multiple stress-
tolerant [R36, IR42, IR54, and IR9764-45-2, are being
used in marional breeding, programs.

Sources of insect resistance

The inherent plasticity and adaprability of rice insect pests
dictate continual screening and breeding for resistance.,
Recently, resistance to the brown planthopper in IR36 and
[R42 was found to be eroding in some locations, We
evaluated more germplasm collections and breeding lines
for resistance to nine major insect pests and idenrified a
number of resistance sources (Fig, 41).
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Drought resistance
Drought and blast, major constraints to profitable and
stable rice production in most dryland arcas of the world,
are location specific. To help national programs accelerate
the development of improved breeding material adapred to
local conditions, we are making crosses to meet national
rice scientists” breeding objectives. The national scientists
define the desired traits, IRRI scientists make the crosses.
During 1986, 47 crosses to” recombine carly maturity,
drought resistance, and gall midge resistance were made for
India. Another 31 crosses were made for Senegal, 24 for
Zanzibar, 13 for Mexico, and 3 for Thailand. Zanzibar,
Mexico, and Thailand sent local varieties to IRRI to use as
parent material in the crosses. Earlier in the vear, 15
backcrosses were made for Thailand and 69 single crosses
for Mexico.

Professional advancement programs
We endeavor to strengthen the scientific manpower
resources of national orgunizations through our training
and professional advancement programs. IRRI's training
programs are designed for research workers from field
technicians to scientists and research managers,

The Visiting Seientist and Postdoctoral Scientists
Program brings senior scientists to IRRI for work on o
rescarch problems of mutual interest to their home :;,;effgg"ﬁ,'ff;"sii?adn'gffodzﬂge';?f;sts.

IRRI, 1986.
Germplasm Lines
Insect Tested Resistant Tested Resistant

{no.) %) (no.) (%)
Brown planthopper biotype 1 3.351 234 53,050 77.5
Brown planthopper biotype 2 0 0 37,862 57.6
Brown planthopper biotype 3 0 0 27,666 70.0
Green leafhopper 3.457 1.1 75,580 464
Whitebacked planthopper 3.881 22 4,240 6.2
Striped stem borer 0 0 73 41
Yellow stem horer 2,112 9.2 1,835 292
Cnaphalocrocis medinalis 5,150 52 6.701 215
S. bifornus 392 292 0 —
Whorl maggot 1,241 0 128

[oNe]

Caseworm 1,590 0.31 128
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countries and IRRI, using the modern rescarch facilities of
the Instirute.

Through the degree program, middle-level research
scientists study roward masteral and doctoral degrees.
Coupling the academic programs of leading agricultural
universitics and the research facilities and expertise of the
Institute, the degree training program offers a wide
spectrum of specializations beneficial in the agricultural
development of many countries, particularly where facilities
for graduate education are limited.

Courses inthe rice science and support disciplines also
are offered to support the research activities of IRRIs
mnternational research network. Fourteen such courses were
ottered in 1986 to train scientists in the concept skills and
principles of' production practices, water and pest manage-
ment, farming systems, and genetic conservation, in
addition to new courses in statistical procedures and
computer applications and editing and publication.

During the year, 568 scientists from 42 countrics
participated in our various training programs: 254 in
rescarch-oriented programs designed to upgrade the skills
of middle-leveland senior research scientists, 314 in regular
and special traiming courses conducted at IRRI head-
quarters and abroad. Of this group, 342 completed their
training.

Graduate study collaboration

To supportits degree training programs, the Institute has
entered into graduate program collaborations with about
30 agricultural universities all over the world. Seven new
programs were formalized in 1986.

University Country
Zhejiang Agricultural University China
Chonnam National University Republic of Korea
Thammasat University Thailand
Sokoine University of Agriculture Tanzania
Universidad Sukonoma de Nueva Leon Mexico
Universidade de Sio Paulo Brazil
Louisiana State University United Stares

Narendra Deva University India
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The agreement with Universiti Pertanian Malaysia,
originally established in 1981, was renewed for another
5 years.

This year, a graduate program on farming systems was
imtated by Bangladesh Rice Research Institute (BRRI),
IRRI, and Bangladesh Agricultural University (BAU).
Scholars complete their course requirements at BAU and
conduct thesis rescarch ai BRRI or IRRI, or both,

As new collaborative projects evolve, the need tor
rraining, on standard research methodology becomes
apparent. Two scientists were trained on monitoring and
diagnosing rice virus discases and four on monitoring the
susceptibility of rice insect pests to insecticides.

A new course in Training and Technology Transfer
teaches the concepts and skills used in designing, imple-
menting, and evaluating training programs. Topics include
human resource development, curriculum development,
managing training, programs, cducational psychology,
media adapration and development, training methodolo-
gies, and testing and evaluation. Like alt IRRI coursces, it is
practicaland applied, with at least 50% involving laboratosy
exercises and projects.

Through cooperative projects, we are offering courses
in-country as well as at the Institute. Teams from national
systems take the Training and Technology Transfer
course so that they may tailor IRRI courses to meet their
specific needs. In 1986, tcams from Bhutan, Burma,
Indonesia, Philippines, and Sri Lanka developed coursesin
farming systems, rice production, post harvest technology,
and training of trainers.

A special course on cowpea and soybean was conducted
in Thailand under the auspices of IRRI1, IITA, UNDP,
Khon Kaen University, and the Department of Agriculture
of Thailand.

Cooperative publishing

To enhance current research awareness among national
scientists, IRRI publishes the International Rice Rescarch
Newsletter (IRRN). Six 1ssues per year plus a subject index
go to 16,000 rice workers in 152 countries. The IRRN
averaged 29 pages per issuce in 1980, by 1986, it had
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increased to 42 pages. National program scientist« submit
some 100 rescarch briefs a month,

A new journal, Rice abstracts, was initiated in 1986 in
cooperation with CAB International. The Asian Develop-
ment Bank supports 1,000 free subscriptions to key Third
World hibrarics.

IRRFs copublication program — joint ventures with
national programs to publish translations of IRRI books

— continues to grow. At least 91 non-English editions of

23 IRRI books have been copublished in 36 languages in
19.countries. The most pepular are extension-level books
designed ro facilitate casy and inexpensive copublication. A
Savmer’s primer on growing vice has been published in 30
languages; Field problems of tropicad rice has been published in
20 languages.

Two new farmer’s primers — on growing sovbean and
cowpea on riceland — are being published and distributed
jointly with II'TA. Another primer on growing upland rice
will be published jointly with IRAT,

In 1986, IRRI studied the etfectiveness of the Pilipino
and Hiligavnon editions of A faer’s prisuer on growing rice
among, 84 small-scale farmers in Cavite and Negros,
Philippines. Only 4% of the farmers had substantial
knowledge of rice-growing practices before reading the
book. After reading, 56% obtained high scores. That
evaluation of the primer’s design and content is being used
to tatlor three new primers and to revise the original,

Helpful insects, spiders, and pathagens — friends of the
Sarmer, released in late 1986, has 103 color photos and
illustrations to help farmers identify and protect the
predators, parasites, and pathogens that live in every
riccticld and that can control most rice pests without
insccticides. In format, it matches Field problems of trapical
mce. Translations into Burmese, Pilipino, and okano
began from advance copies of the pages. Indonesia has
ordered 20,000 copices in Bahasa Indonesia to support its
IPM program,

In 1986 IRRI distributed almost 200,000 books, in
English and in Third World languages, plus 121,842
copies of our periodicals. More than 136 Basic Set — all
IRRT materials in print — have been distributed to help
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m
national libraries rapidly and inexpensively establish their
own basic collections of rice literature.

Much of the results of research carried out in the
developing countries never reach the people who can
benefit from them — other scientists, extension workers,
and the farmers themselves — for lack of people skilled in
the techniques of communication. IRRI, with support from
the IDRC of Canada, has developed an intensive 14-wecek
Editing and Publication Training Course which covers the
essentials of editing and publishing with a mixture of
analysis and hands-on practice. Three such courses have
been given to trainees from national and regional organiza-
tions in 15 countrics.

The program is designed so that tcaching material
modules can be adapted, translated into local languages,
and taught in-country by national agencies. A 3-wecek
course has been oftered at the Central Rescarch Institute
for Food Crops (CRIFC) in Bogor, Indonesia. The faculty
ot that course included one graduate of the IRRI course.
Sixteen trainees fromagricultural research institutes across
Indonesia took part. Two more courses are planned.

Computer Center

Increasing use of computers in national programs, inter-
national centers, and advanced rescarch institutes has
increased demands for counseling and technical support.
We helped the BRRI set up its own computer center this
year and are developing computer-based training courses.

COLLABORATION WITH
INATIONAL PROGRAMS

ur memoranda of agreement with many
countrics of the world not only help us
identify the rescarch that IRRI can provide as
the building blocks for national agricultural
rescarch planning and implementation; they also cnable
national programs to cooperate regionally and globally.
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COLLARORATIVE

AGREEMENTS

Novmallv, the sniciation of an IRRI-

national research system collabovative

program involves these steps:

® Tl couneyy concerned ivitintes the
request far cooperation, based on a
decision by its govermment to increase
the produreivity of its rice-qrowing
areqs.

O Ifs i IRRIS view, opportunitics
exist for siquificant increases i 1ce
productiviey unilizing improved
techmologies and methodologies,
IRRI scientists and national
program scientists together explore
these opportsnitics.

© Where substantial assistance is
needed, which could tnclude
positioning expatriate scientists in
the collaborating counny, IRRI and
the concerned national prosgram seck
special project fiunding fiom suitable
donors.

® Once a program is agreed upon and
research is underivay, 1ts progress is
pevodically reviewed and its focus
adaptred to encompass achievements,

IRRDs relationships with national programs pass
through different phases, with technical assistance shifting
to cooperative programs and collaborative research as
national resources grow. Currently, IRRT has cooperative
agreements which taken together account for more than
85% ot the world's ricelands and rice production,

A common model of cooperation with a national
agriculturalrescarch system begins with IRRI being invited
to participate ina country program. Early priorities usually
mvolve human resource development and participation in
rescarch networks,

As national capability increases, participation in
networks becomes more specialized and contributory.
Scientific collaboration on specific rescarch problems may
grow 1o become the major ingredient of 4 country’s
program. At the most advanced stage, 2 national agricul-
tural rescarch system may assume regiomal or global
responsibilitics based on ity comparative agro-ceological
and scientitic advantages.

Our cooperative agreements with some countries are
long-standing - almost since TRRDPs inception. Other
agreements are quite recent. Al memoranda of agreement
are reviewed periodicallvand refined to reflecr achievements
and to incorporate newly identificd needs, capabilitics, and
prioritics,

We have space to expand on only a few of the IRRI-
country collaborations that illustrate the range,

China

Chinaisthe world's largest producer and consumer of vice,
with a long history of rice cultivation and rice science,
technology, and production improvement.

Chinese scientists from the China Academy of
Agricultural Sciences (CAAS), China National Rice
Research Institure (CNRRI), and provineial agricultural
academies have participated for more than 6 vears in IRTD,
INSFFER, and ARFSN. Nearly 600 Chinese scientists and
administrators have been trained at IRRL as scholarsand in
tramning courses. Scientists from many countries have
participated in jointly sponsored training courses, sym-
posiums, conterences, and workshops in China, Germplasm
exchange continues on a large scale.
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The development of hybrid rice was a great break
through in rice breeding and a technical innovation in rice
production. IRRT and China actively collaborate on
developing chite restorer lines and evtoplasmic male sterile
lines with carlv mararity, high vield, good cating qualiry,
and mulriple resistances to discases and insects We jointly
conduct traming courses and have published a training
manual on hybrid rice technology. The cosponsored 'nrer
nattonal Svmposium on Hybrid Rice was held at the Flunan
Hybrid Rice Research Center 6-10 Oct 1980,

When the Chinese Government decided to set up a
national rice research institure, IRRD participared from the
beginning in s conceptualization and developm it Five
IRRT scientists were consulted on designing CNRR]
buildings and rice breeding, cereal chemistry, grain quality
analysis, and farming svstems research. At the same time,
17 CNRRITscientists came to IRRto study recent advanees
in science and research management. TRRI scientists also
have advised on the purchase of research equipment.

CNRRs construction is being implemented ar two
sites - i Hangzhou and at the experimenr station in
Fuvang County. Three of the rescarch facilities under
construction now at the experiment station will be

|
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Lu Ze Tung, rice breeder, CNRRI, and
G. S. Khush, examining shuttle
breeding materials at Hangzhou,
China.

inaugurated during the International Rice Research Con-
terence in Seprember 1987,

A shuttle breeding project with CNRRI started in
1983 to collaboratively develop cold tolerant varicties with
superior grain quality and multiple discase and insect
resistances. Sceds of nine short-duration Chinese varicries
were crossed with four elite IRRI breeding lines. The F
sceds of 36 cross combinations were planted at IRRIin Dece
1983.

The Fa seeds were planted at CNRRI farm in late Apr
1984 and 1,653 short-duration plants with blast resistance
and good grainappearance were selected in August. The Fz
was planted ar IRRT i November and ficld inoculated with
bacterial blight and evaluated for resistance to brown
planthopper.

From this I3, 2,592 selections were made in February-
March 1985. The Iy was planted in April, halfar Hangzhou
and half at IRRL That screening vielded 1,915 selections,
with the Fs planted in November 1985 ar both Hangzhou
and IRRI. Uniform rows were bulk harvested in Feb 1986
and an additional 2,128 individual plant sclections were
made. The Fo was planted in China in carly April, and
observational vield trials were planted at both IRR1 and
CNRRI

Several promising lines have been selected for replica-
ted field trials in 1987,
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The Narional Azolla Rescarch Center at Fuzhou is
gradually developing the capacity for international rescarch
and training in the use of azolla as a N source for rice.
Azolla has been cultivated in China for generations.

The collaborative program or IRED and CAAS s
guided by the Memorandum of Understanding, agreed
upon during the joint annual planning session, when
administrators and scientists of both institutions review
progress and formulate the program of work tor the next
vear. The next planning meeting will be in Beijing in July
1987.

Egypt . . _

The collaboration has generated important rescarch direc-
tions. With its scarcity of arable land, Egypt's agricultural
research program focuses on improving productivity and

Cropping intensity.
Historical rice yield trends
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Breeding to combine high resistanee, high vield
potential, resistance to Jodging, blast resistance, and short
duration in new varieties is a major part of the program.
Several lines combining desired agronomic and quality
features with diverse sources of disease resistanee have been
wdentified.

The most encouraging aspect of these breeding ettores
is that a continuous chain ot blast resistant lines is
developing. These Tinesare primarily japonicas, but because
IR indicas have short duration and good resistance to blast,
they are becoming mare commaon,

Pathological rescarch also ntensified, with emphasis
on identtving strong and diverse sources of resistance,
screening, breeding Tines, wdentfving blast races, and
measuring: the weather parameters that favor discase
development.

The Rice Research Center ar Sakha is unique in the
Middle East.”North Africaarea. Rice is being rescarched as
both a food crop and a problent soils reclamation crop.

IRRTalso hasagreements with the University of Cairo
and the Academy o Scientific Research for collaborative
graduate studv programs.

Indonesia

IRRI-Indonesia cooperative research has evolved into true
collaboration. Under the memorandum of understanding,
priorvity i given to genetic evaluation and
utilization and resource exciange, upland rice cultivation,
rice-based farming svstems, warter management,  farm
machinery development, increasing the technotogy base
through training, graduate studies, nondegiee attachments
to IRRI, conferences and workshops, and exchange of
technical information and publications.

Indonesia hosted the 1985 Upland Rice Research
Conterence, which has led to further collaboration in work
on blast discase and management of acid upland soils,

The five major rice environments are aill found in
Indonesia.

Inirrigated rice, productiviey is very high bur discases
and inscets are & constant threat to vield stability.
Exchanging improved materials with multiple resistance
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. . . . . Historical rice yield trends
continues: all elite IRRT breeding lines are being evaluated

i Indonesia

In rainted lowland rice, three very short-duration
breeding hines trom IRRT performed well on Fumbok
Esland and are being considered for varictal release. Several
more improved breeding lines with cven shorter growth
duration will be evaluated.

Inuplandrice, exchange of adapred germplasm will be
cxpanded with improved breeding lines for acid upland.
[ndonesianupland rice varieties trom the Bogor germplasm
collection will be evaluated in the Philippines for adapration
to low pH, upland soils, and allied stresses toidentity
parents tor upland rice breeding programs,

I deep water nice, Indonesian scientists identitied
three promising breeding lines introduced through IRTTD
nursertes that are adapted o deep water areas of South
Kalimantan. Even better materials have been generated
trom crosses with these selections,

In ndal wetlands, TRRI has greatly expanded rice
improvement cfforts for developing improved germplasm
adapred to submergence, sahnity. and peat with acid sulfate
conditions i a multiple stress environment. Fa seeds of a
number of crosses will be planted ar Unit Tatas Experiment
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Stationin South Kalimantan. The Fz of selected plants with
appropriate growth duration and stress tolerance will be
grown at IRRIand evaluated for grain quality and discase
and inscet resistance. The shuttle of the 1y back to Unir
Tatas should lead more quickly to improved materials for
these adverse conditions,

nchybrid vice, new CNMS Hines and Iy hybrids from
IRRIwill be evaluated toidentity more promising, materials.
Chinese CMS Tines are adapted but suseeptible to diseases
and msecrs; IRRTCMS Tines are resistant but have poor
sced setinseed production plors, TRRTwill train Indonesian
statt on hvbrid seed production.

In integrated pest man, wement, the Ageney for
Agricultural Rescarch and Development in collaboration
with IRRTis mrensitving research on more etfective control
of brown planthopper outbreaks and tungro virus discase,

The President of Indonesia has announced a far-
reaching policy of PN that recognizes the adverse offects
of nonselective use of chemicals.

Atechnical cooperation with the Directorate General
of Food Crop Agriculture provided special traming and
technteal advisers on constructing, the TRRI warchouse
drver, mcluding installing vortex wind machines on
tradittonal storage structures in the villages,

Philippines

Our umpu.mun and collaboration with the I’lnhpplnm
recognizes the role of the lhlhppxm Government in the
(\IJNI\I]IHLHI of IRR1 and s continuing, support, along,
with the contributions of our Filipino staft and our long
history of partnership with P]]IIIPPIH\ agricubtural institu-
tions, notably the Minisirv of Agriculure and Food 1t MAL)
and UPLRB.

Further strengehening of the collaboration between
IRRT and Philippine scientists is anticipated with the
establishment of the Philippine Rice Research Institute
(PhilRicer in 1986, PhilRice is mandared to develop a
strong national rescarch program to sustain and
further improve the gains already made in rice production,
The Board of Trustees of PhilRice has expressed the need
for close collaboration with IRR] in achieving its goals of
national rice selfsafficieney and inereased inconse and

rce
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Historical rice yield trends

cmplovment opportunitics for Filipino rice farmers and
their famihes.

Animportantmechanism for exchanging information
and developing, collaborative work plans with Philippine
rice workers is the biannual Technology ‘Transter Work
shops. The Sth MAFIRRI Technology Transter Workshop
at IRRT 13- 14 June 1986 tocused on technologies thar can
reduce production costs without Towering, vields. Col-
laboration 1o integrated nutrient management and inreg:
rated pest control were initiated.

The 9th MAFIRRE Technology Transter Workshop
i November was held in Bohol, an upland  farming
province in the Central Visavas, At this workshop, 117
participants irom IRRT and Philippine agencies reviewed
the development of upland rice farming svstems. Upland
rice tarmers become commercially oriented when mpurs,
credit, and produce markets are available. In the more
remote slashand burn arcas, opportuniries for selling extra
produce are few. Workshop participants agreed that such
local variations in upland rice farming systems should be
considered in developing programs tor their improvement.
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42. Yield losses caused by insect
pests inrngated, ramfed owland, and
upland nice areas m the Prilippimes
Losses ware calculated as the
difference between insecticide
protected plots and unprotected plots
in farmers fields Numbers ate the
average yields (int ha) from pratected
plots

© Y 2 4
43. The upland-acid soils MAF-IRRI
cropping systems research site in
Mindanao is illustrative of how
population pressures are converting
tropical forest ecosystems to cropland,
and the implications of that change to
farmer fertility managerment practices.
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Early in 1986, we counted more than 75 projects
underwav i collaboration with scientists in-ar least
40 Filipio institutions, Report - of a tew of the accom
plishments of those collaborations follow.

YVield Josses to insects. Ten vearsot farmers™ field arials in
collaboration with the Philippine Ministy of Agricultare
show high variabiliny in vield Tosses 5 40% inarrigated
lowlands, 10.39% in rainted upland environments. Foca
nons with lngh lowland rice viclds had the Towest Tosses;
locations with the highestupland rice vields had the highest
losees, Rainfed lowland fields Tost To 24% Fig. 42,

In lowland sites, fosses correlated weakhv with insect
numbers,indicating that other site related factors affecting,
vickd influence a crop’s abiliny to tolerate mseet damage.

Response of upland vice 1o fluasifop-buiyl. Tnour ol
laboration with the UPLE Weed Science section, onlyva few
postemergence herbicides showed promise for controlling
weeds o uphind nices Fluazitop bund, o grass killer
recommended tor broadleat crops. mav be used safelv in
upland rice; at the recommended application rates and
timing, it controls such weeds as Rotehocllia cochinelinensis
(Lour, Clavron,

Soil fertility management in Claveria. Avthe upland-acid
soils. MAF-IRRE cropping svstems site in Mindanao,
knowledge about farmer fertility management practices
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and perceptions is applied to designing and  testing
cropping patterns. We surveyed farmers on their pereep-
tions about soils and soil crosion, fertilizers, weeds, and
fallows (Fig. 43). We also asked about migration and
scttlement, land resources and aceess, crops and cropping,
and vield changes over tme.

Throughout the uplands, as pepulations have in-
creased agriculture has evolved trom shitting cultivation,
with tallow used for nutrient FCECNCration, to permanent
ceraal cropping (Fig. 44). Most Claveria farmers are
smallholding tenants or owners who manage several crops.
Traditional maize is the most important, followed by
traditional rice and cassava. Better fands are allocated to
maize, poorer soils to rice or cassava. Rice is a desirable
crop, butits longer cropping scason and its greater labor
demand contribute to a preference for maize,

44, Claveria farmers say sustainable
yields are a great concern, as maize
and rice yields are declining because
of poor soils, nutrient depletion, and
erosion.
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45. The Inarihan River Irrigation

System in Camarines Sur, Philippines,

has areas that are affected by saline
water. This schematic shows the
service area.

Sustainability is very much a Claveria farmer problem,
Almostall of them artribute declining maize and rice vields
to poor soils, nurrient depletion, and soil crosion.

Although knowledge of nutrient ¢veling methods,
such as composting, mulching, green manuring, and
incorporating, crop residues, is limited and variable, it is
increasing. A few farmers practice composting, and more
now mcorporate crop residues.

Water wse efficiency ond distriburion. Water management
rescarch collaboration 1s with the Philippine National
Irrigation” Administration (NIA). We are studving the
Inarthan River Irrigation Svstem (IRIS) in Camarines Sur
Province.

IRIS has a porential service arca ot about 1,100 farm
familics and about 1.400 ha; abour 30-40% of the area is
affecred by saline warer intrusion from the sea. Supplving,
sufficient good qualiry irrigation water to leach the sals is
extremely important for rice production. The service arca is
divided into Division A, with 647 ha, and Division B, with
745 ha of ricelands (Fig. 45).

Our primary rescarch objectives are to assess the
potential tor improving, water use cfficiency and water
allocation-distribution cquity, to develop a practical
allocation-distribution system, to evaluate its impact on rice
production and tarmer mcome, and to analvze the effect of
irrigation water on salt-aftected land productiviry.

Head gate
of main

e

Inarihan

~tt———————— Division B —— 4>L<—— Division A ————————w—

! .. Scline water affected areas
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,
The arca near the water source — about 47% of the

service arca — consumed 70-76% of the rotl Irrgaton
supply. Those tarmers used more N, P, and K ternlizer than
Farmers whose farms suttered warer shortages, particularly
during the drv scasons, farms with nonsaline soils near the
water source had the highest vields; tarms with saline soils
farther from the water source had the lowest (Fig. 46,

Stmdlation model for multipionp irvigation svstems. In
collaboration with NIA, we developed a methodology to
improve the operanional ctficiency of the Libmanan:
Cabusao Pump ITrrigation Svstem (LCPIS) LOPIS has
four clectrically driven turbine pumps to service a rice
production arca of about 3,900 ha. We used data from the
LCPIS studyto develop amicrocomputer based simulation
model (PUMPMOD ) foranalvzing svstem behavior under
continually changing water demands (Fig. 47, The model
accounts for such operational constraints as power supply
rationing and canal capacity limitations, as well as socio
cconomic constramts m land preparation rate.

PUMPMOD is adaprable to other pump irrigation
systems, It closelyv approximated actual hvdrological and
agronomic changes in response to a4 chosen system
operational procedure.

Appropriote mechanization. IRRT has colaborated with
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46. Average wet and dry season
yields in saline and nonsaline soils
irmgated by IRIS, 1984-86

47. Actual and PUMPMOQD-predicted
changes in farming activities for
Libmanan-Cabusad Pump Irrigation
system, Philippines, dryseason 1985.
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48. Demonstration of tapak-tapak
pump in La Union, Philippines.

-

appropriate farm machines. Two irrigation pumps devel-
oped for small farmers received major attention. The tapak-
rapak pump, adapred from a simple Bangladesh bamboo
pump, can be manually operated to pump water from
shallow wells. This pump was acceprable to small carmers in
northwestern Lazon for irrigating, vegerables, legumes,
tobacco,and other crops grown atter rice. The pump can be
fabricated by small rural shops (Fig,. 48).

The program also helped popularize the <ipa pump,
which is based on the principle of the axial-flow propeller
purips popularly used in Vicrnam and Thailand. The sipa
pump is adapeed to Philippine conditions on the basis of
feedback from farmers. In collaboration with small manu-
facturers, it is now manufactured by over 20 small meral-
working shops.

A rotary conduction dryer thar utilizes a rice hull
gasificrasa heat source was also introduced. The gasifier, a
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-
simplificd version of Chinese design, was adapred by the
University of California, Davis, and developed in the
Philippinesin collaboration with a commercial vice milland |
a local manutacturer. Inan hour, it can drv abour |t of ;
freshly harvested grain to 16-18% moisture, a level safe
cnough tor temporary storage before sundrving to 14%. [t
1 suitable for areas where rice is harvested during the wet
scason, when sundrving is difficult.

In arcas where direet seeding is gaining popularity,
Farmers are showing high ineerest in the IRREdrum seeder,
With this Tow-cost machine, pregerminated seed can be
planted in rows which can be cconomically weeded with

push tvpe mechanical weeders, savings over costly . :
herbich 1 . N : The warehouse dryer was introduced
crbiades. to a farmers’ cooperative in Ba-ngay
We cooperated with the Agriculrural Mechanization | Mokeay, Ozanus Cty, for freld testing.
Development Program (AMDDP) of UPLE, MAF, and the
. lo - . . . .
provinctal government of Mindoro to introduce this
machime to farmers and manafacturers, A 2 week training,
program was orgamzed for 10 manufacturers in Naujan,
Oriental Mindoro, after many farmers expressed a desire to
purchase the seeders during the series of demonstrations
conducted by MAF and AMDP. Local production has
started.

India

The first memorandum of agreement berween the Indian
Council of Agricultural Research (ICAR) and IRRT was
signed in 1974, although cooperation started some 10
years carlier. Scientitic and sechnical cooperation focused
first on collecting and exchanging rice germplasm, cex-
changing and evaluating breeding materials, studving
discases and inscer biotvpes, and conducting crop produc-
tion rescarch,

By 1986, collaborative efforts included rainted rice
rescarch, hybrid rice rescarch, botanicals for managing
insect pests in rice-based cropping systems, the cconomics
of water management, rice production constraints, and
manufacture of IRRI-designed small farm machinery. The
collaborations berween IRRI scientists and Indian scientises
in 22 agricultural universities, 50 central research institutes,
and 90 All-India Coordinated Rescarch projects in the
country’s different agroclimatic zones continue to evolve.
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During 1986, 64 scientists from agricultural universi-
tics and national research organizations participated in
training and professional advancement programs and
workshops at TRRI. We also entered into a formal
agreement with the Indian Agricultural Research Institute
and Andhra Pradesh Agricultural University for graduate
training of agricultural scientists.

A special rice production program was designed for
senior extension officers of several states. Participants in
training and technology transter short courses have helped
timprove the professional capabilities of their home institu-
tions. Now, the Indian national svstem is developing the
capability to ofter these short courses in the agro-ccological
regions with rice cropping and rice-based farming systems.
Onc of the in-country programs will be an cditing and
publications training course to strengthen national com-
munication capabilities in disseminating information and
communicating new technology in rice production.

Special collaborative rescarch and training programs
have been organized in integrated pest management for
deep water rice farming systems and in developing
improved varietics for ccologically hundicapped arcas.
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Recently, the International Fund for Agricultural Develop-
ment approved funding for an IRRI-ICAR collaborative
rescarch program for the development of rainfed rice
production in castern India. Resolving the complex
problems which cause the very low rice yields in that arca is
a major challenge to rice scientists.

Major components of the project arc rice environ-
mental analysis, varictal improvement, rainfed rice crop
management, development of more productive rainfed
cropping patterns, and postharvest technology. Research
and training are integrated throughout,

In 1987, pests and discases will be surveyed in an
integrated pest management in deep water rice supported
by the Asian Development Bank, farmer agronomic
practices will be documented, and the deep water rice areas
in five states in castern India mapped.

A l-wecek training course in August coordinated a
standard methodology for a network linking Assam
Agricultural University, Rajendra Agricultural University
in Bihar, Orissa University of Agriculture and Technology,
Narendra Deva University of Agriculture and Technology
in Uttar Pradesh, and the West Bengal Department of
Agriculture. The project is also collaborating with the
Ramakrishna Missions at Narendrapur and Nimpith. In
1987, this Indian network will be linked with IRRI
cooperators in other Asian countries where deep water rice
is rescarched.

Bangladesh

When the BRRI was established in 1973, IRRI was
represented on its Board of Governors. The current 6-year
memorandum of understanding was ratified December
1985, with the goals of increased productivity, expanded
attention to rice-based farming systems, and increascd local
manufacture of small-scale agricultural machinery. Two
IRRI outreach scientists arc an integral part of BRRI's
program.

Onc component of our Bangladesh collaboration is
water management research with the BRRI and the
Bangladesh Water Development Board.

The aim is to increase the effectiveness of irrigation
water usc, crop production, and farmer income in two types

DIESEL POWERED

PTS5 TILLER.

Most Indian farmers prefer diesel
enspinies because of the lower cost of
diesel fuel, even though the initial
investment is much higher than for a
Aaasoline engine. But diesel engine
weight and vibration restrict their use
on lightweight mobile farm machines.
The CIAE-IRRI Industrial Extension
Project belped a manufacturer in
Coimbatore adapr the IRRI PT5.
power tiller with 1.0 m reaper for
powering with a locally manufactured
6 HP air-cooled Lombardini diesel
engine. Tliis engine weighs only 35 kg,
about balf the weight of smilar
capacity water-cooled diesel engines.
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We helped the BRRI adapt the PT3
power tiller for mounting the small
diesel engines used with shallow well
trrigation pumyp sets. Two prototypes of
a detachable rotary tiller attachment
fabricated at the Bangladesh Machine
Toul Factory were field-tested by BRRI
and IRRI engineers for performance
and durability.

1935 1945 1955 1965 1975 1985

of irrigation svstems, The Ganges-Kabodak irrigation
svstem s alargesscale littcmre-gravity scheme. The North
Bangladesh tubewell irrigation svstem has 377 deep
tubewells under its management,

Within the nine tertiary canal service arcas ot the
Ganges-RKaboduk trrigation sestem where intensive tield
rescarch was conducted, average rice vields inaman season
mcreased by about 1O t/ha in ailend arcas and almost
0.5t ha i headend areas during the project period. The
vicld increases primarily were duce to improved water
management and the improved rice varienes introduced.

One study ot the svstem recommended these strategies
for improving and sustaining, its irrigation effectiveness:
Dy advance the pump operation seledule to 1 Feb 31 O,
with rigorous adherence to the schedule, to establish o
reliable irrgation program and o advance planting
schedules in order to achieve higher vields; 2) deveiop a
method to suspend pumping for 3040 davs in June and
July to reduce svstem operational expenses; 35 delineate
priority zones to be irrigated during the aus season, with
COMPENSAtory arrention given to areas outside the priority
zones for timely aman rice cultivation; and 4) svstematically
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implement the 6-day rotation water delivery svseem that
farmiers find useful and aceeptable.

[ 12 rubewelb sample area of the North Bangladesh
tubewell svstem, aman rice and rabiwhear production were

increased by svstematically improving the reliability of

irrigation water supply, introducing suitable modern
varieties, and providing support to farmer organizations.
Modern variery use in the T985 aman scason was 52% in
tubewell arcas ourside the sample and 72% within the
sample area (g, 49).

[n experiments in 1983 and 1984, growing, green
manure crops using rainwater during the normally fallow
aus season, about 1O t./ha higher rice vields were obrained
in the aman season with about 50% less N use,

In 19806, farmers grew green manure crops on more
than 800 ha within the tubewellirrigation svstem command,
where no green manure crop had been grown before,

Madagascar
Duringrhe 2- 1,72 vears of the Madagascar-IRRI collabora-
tion, a Malagasy rice rescarch team composed of scientists,
agricultural rechnicians, and administrators from several
departments of the National Center for Applied Rescarch
on Rural Development (FOFIFA) was formed.
Inaddition to IRRI s resident team leader/agronomist
and plant breeder, a number of IRRI consultants worked
with- Malagasy scientists this vear on rescarch station
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49. Aman rice area and modern
variety adoption in the North
Bangladesh tubewell irngation system
service area, 1981-86.
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“development and management, soil fertility and adverse soil
problems, agricultural machinery, agro-cconomic research,
and rice environment mapping,

Training is an important component of the project,
with 11 Malagasy scientists so far graduated from IRRI
training courses and several more scheduled to participate
inthe near tuture. Inaddition, an in-country training course
was conducted for FOFITA research assistants and field
technicians.

The rice rescarch program moves forward steadily:
870 varicties have passed quarantine and 456 cultivars have
been tested on rescarch stations or in farmers’ fields at
10 locations representing major rice environments. On the
tropical west coast, under moderately low inputs, new
materials are vielding 50% more than the tocal cheek. On
the high platcau, on-farm cropping systems rescarch is
underway in three different environments, INSFFER trials
are being conducted both on-station and on-farm.

Near Lac Alaotra and Marovoay — major rice
producing arcas of Madagascar — large tractors have
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serious problems in the soft soil of flooded ricefields. Lack
of spare parts and high maintenance costs also are problems.
But labor shortages during planting and harvesting that are
beginning to occur delay crop establishment and cause
excessive losses when harvesting and threshing are not
timely. Introducing appropriate small farm machines will
help increase cropping intensity and production.

An IRRI engineer helped the Division of Machinisme
Agricole of the FOFIFA Department of Technology set
research objectives, priorities, and strategies tor estab-
lishing an agricultural mechanization program. Farmers’
needs tor equipment and machinery were assessed and
IRRI machines for land preparation, harvesting, and
threshing tested.

The tirst phase of development of the Rice Research
Station at Mahitsy has been completed. The station
eventually will include oftices, laborarories, a medium-term
germplasm storage facility, documenration center, and
dining facilities.

Bhutan

We have been collaborating with the Royal Government of
Bhutan since 1983 in developing and introducing ap
propriate technologies which can increase productivity in
the country’s rice-growing arcas. The major thrust has been
institution building, primarily through human resource
development. Since 1983, 14 Bhutanese have been trained
at IRRIL The superintendent of the main crop rescarch
station has begun a Master of Science degree program
under the collaborative arrangement between IRRI and
UPLB.

We are also working closely with the Bhutan Depart-
ment of Agriculture to improve rice-based farming systems.
Initially, the collaboration has focused on the medium
(1000-1500 m) and lower altitude (<300 m) rice-growing
arcas that represent about 80% of Bhutan’s 31,000 ha of
riccland (Fig. 50).

In on-farm demonstrations and variery trials at
Wangdiphodrang and Punakha this year, IR36 and IR64
showed excellent adaptation at 1300-1500 m. In 13
farmers’ field demonstrations with farmyard manure as the
only fertilizer, IR36 yiclded 5.0 t/ha; local varieries yielded
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Indochina
IRRI entered into a Memorandum of Understanding with
the Government of Australia carly in 1986 to address the
problems of rice production in the Indochina region that
includes Kampuchea, Laos, and Vietnam (g, 52).
In January 1986, an IRRI team visiting Kampuchea
identitied several arcas where IRRI might contribute
signiticantly to the aceeleration of rice production. The
team’s ¢ fsservations were the basis for a proposal submitred
to the Australian Government in June 1986 that calls fora
comprehensive program by IRRI (Fig. 53).
This region has considerable potential for greater rice
production. The IRRI Indochina Program will adddress
country-specitic needs, with annual work plans developed
jointly with cach participating country.
The goalis to assist Kampuchea, Laos, and Vietnam in
developing and introducing appropriate technologics
which canincrease productivity in the region’s rice-growing,
arcas while increasing the income and nutrition of small
tarm hoascholds and communities. Over the next 10 vears,
the IRRI Indochina Program will work to meer these
objectives:
® To develop manpower capability in rice rescarch and
development within Kampuchea, Laos, and Viernam;

® To provide technical assistance in the design, implementa-
tion, and analysis ot research to develop improved rice-
based farming systems;

Number
10

Rice area harvested
8 }- {million ha}

i%.% Rice yield (t/ha)
6 |-
gt
2+ S

A
0 L A & [ ;
Kampuchea Vietnam Philippines
Laos Thailand Malaysia indonesia

varieties that have a high straw vyield,
an important source of livestock feed
and bedding.

52. FAO 1983-85 data on rice area
harvested and rice yields in selected
Southeast Asian countries.
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® To assist in the development of research and training
infrastructure; and

® To help the countries attain and maintain self-sufficiency
in rice.

During the exploratory and establishment phase,
particular emphasis will be given Kampuchea because of its
extremely low yields in comparison with other countries in
Southeast Asia.

CONTINUING
COLLABORATION

hese dynamic collaborations propel IRRI’s re-

scarch productivity. As we examine our progress in

mceting rescarch goals set through our interac-

tions with rice researchers all over the world, and
as we work to cestablish our goals and strategies for the
future, we continually recognize — and utilize — our
current relationships.

At the same time, we reach out for new relationships
on basic and strategic rescarch frontiers. And, we respond
to the evolving needs and capacities inapplied and adaptive
research. Our strategy is to promote the expansion and
increasing capability of a global, interactive scientific
community in rice rescarch,

IRRI HIGHLIGHTS 1986 83

-

53. An IRRI team and Kampuchean
scientists survey areas where |RRI
might contribute to accelerating rice
production.
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FINANCES

Summary of financial support to IRRI core and to special and collaberative projects r~ ceived in 19£6.2

Uss
Special &
Core Collab,
Unrest. Rest. Proj. Total

Details of sources of support from grants
United States Agency for International

Development 6,050,000 2,231,825 8,281,825
Japanese Government £,205670 884,182 6,089,852
International Bank for Reconstruction and

Development 1,500,000 1,500,000
Canadian International Deva.opment Agency 1,223,950 1,196,259 2,426,209
United Nations Development Programme 2,183,900 42937 2,226,837
European Economic Cor.imum*v 3,574,980 3,574,980
Overseas Development Administ 4tion,

United Kingdom 1,140,102 1,140,102
Federal Republic of Germany 460,793 150,000 235,440 346,233
International Developm:nt lesearch Centre 110,190 624,822 735,012
Australian Government 573,549 123,391 696,940
Government of ltaly 173,853 537,307 711,160
Asiar Development Bank 300,000 300,000
Government of Sweden 440,964 440,964
Govérnment of the Netheriands 141,692 141,692
International Fund for Agricultural Development 300,000 300,000
Government of the Philippines 108,820 82,029 190,849
Ford Foundation 300,000 70,000 98,500 468,500
Government of Denmark 266,102 266,102
Office of Rural Development, Korea 98,000 98,000
Governinent of Mexico 37,022 37,022
Government of Norway 136,027 136,027
Government of China 100,000 20,000 120,000
Swiss Development Cooperation 350,000 45,000 395,000
Rockefeller Foundation 704,740 86,853 791,593
Government of Spain 35.000 35,000
Government of New Zealand 12,537 12,537
Government of France 74,074 74,074
Miscellaneous research grants 102,374 102,374
Funds reimbursed under collaborative research program
Resource Management International, Indonesia 134,018 134,018
International Food Policy Research Institute 104,318 104,318
International Institute of Tropical Agriculture 61,729 61,729
International Centre of Insect Physiology and

Ecology 120,221 120,221
International Fertilizer Development Center 30,769 30,769
International Board for Plant Genetics Resources 21,647 21,647
Food and Agriculture Organization of the

United Nations 14,000 14,000
Total 12,564,719 13,307,008 6,753,859 32,625,586

ﬂReceipts are accounted for on a cash basis. Amounts shown in boldface differ from 1986 pledges from grantors in that
they may reflect 1985 or 1987 pledges received in 1986, or may not reflect the full amount of 1986 pledges which are
anticipated to be received in 1987. The Government of France (through the research organizations ORSTOM and IRAT)
provided IRRI the services of two resident scientists; the value of their services cannot be quantified.
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PERSONNEL

DR. YOOKTI SARIKAPHUTI
Director Geneml

Department of Agriculture Oftice of the Dircctor General

Ministry of AI_%"CUI“"C and Cooperatives M.S. SWAMINATHAN, Ph D, director general

Bangkok, Thailand MARCOS R VEGA, Ph D, deputy director general!
DENNIS J. GREENLAND, D Phil, deputy director

DR M. S. SWAMINATHAN general

Director Geneml MANO D. PATHAK, Ph D, director, research and

International Rice Research Institute training

P.O. Box 933 ROBERT L. BOURQUEIN, MBA, director,

administration?
FAUSTINO M. SALACUPD, BS, CPA, direcror,
prorocol and liaison

Manila, Philippines

DR XU GUAN-REN PAUL A. COOPER, BA, dircctor, budget and

Director General Emeritus acCounts

Institute for Application of Atomic Energy R. VAIDYNATHAN, Cert. Accountancy, consultant!
in Agriculture HIGINO A. ABLES, Ph D, visiting scientist®

Chinese Academy of Agricultural Sciences

P-0. Box No. 51093..Bc"mg’. China Administrative and Professional Staff

or Ma-Lian Wa, Beijjing, China

REBECCA C. PASCUAL, MS, manager, food and
housing, services

ZOSIMO Q. PIZARRO, LLB, manager, personnel and
legal offices

PEDRO G. BANZON, LLLB, manager, sccurity and
shipping offices

PURITA M. LEGASPL, BBA, CPA, manager,
accounting office

Liaison Scicentists

MANUEL}. ROSERO, Ph D, IRRI liaison scientist,
Latin America

WALTER C. TAPPAN, BS, IRRI liaison scientist,
Indonesia and Malaysia

DIOSCORO L. UMALL, Ph D, IRRI liaison scientist,
China (consultant)

S. M. H. ZAMAN, Ph D, IRRI liaison scientist,
Africa!

B.P. GHILDYAL, Ph D, IRRI liaison scientist, India?
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Agricultural Economics

JOHN C. FLINN, Ph D), agricultural economist and
head

CRISTINA C. DAVID, Ph D, agricultural economist

J. BART OUFF, MS, agricultural economist

LEONARDO A. GONZALES, Ph D, agricultural
cconomist

MARLIN G. VAN DER VEEN, Ph D, agricultural
cconomist!

GELIA T. CASTILLO, Ph D, visiting scientist’

ROBERT E. HUKE, Ph D, visiting scientist?

ALBERT POLAK, Ph D, visiting scientist!

SAMUEL FUJISARA, Ph D, visiting scienrist?

KEIJIRO OTSUKA, Ph I, visiting scientist?

ALASTAIR ORR, Ph D, associate economist?

KISSEN KANUNGO, Ph D, consultant?

N.EC. RANAWEERA, Ph D, visiting scientist?

Agricultural Engineering

CLARENCE W. BOCKHOPD, Ph D, agricultural
engineer and head!

AMIR U. KHAN, Ph D, agricultural engineer and
head

FRED E. NICHOLS, BS, agricultural engincer!

ROBERT E. STICKNEY, Ph D, agricultural engineer?

M. A. CHOUDHARY, Ph D, visiting associate
scientist!

YONG WOON JEON, Ph D, associate agricultural
engineer

Agronomy

SURAJIT K. DE DATTA, Ph 1D, principal agronomist
and head

CEZAR P. MAMARIL, Ph D, agronomist

KEITH MOODY, Ph D, agronomist

KEITH T. INGRAM, Ph D, associate agronomist

DONALD W. PUCKRIDGE, Ph D, agronomist*

ROLAND J. BURESH, Ph D, visiting scientist

WARREN MUIRHEAD, Ph D, visiting scientist?

Cereal Chemistry
BIENVENIDO O. JULIANG, Ph D, chemist and head

Senior Scientific Staff Communication and Publications

THOMAS R. HARGROVE, ’h D, editor and head
WILLIAM H. SMITH, BS, editor

EDWIN A. TOUT, MA, associate editor!

IAN MONTAGNES, MA, visiting editor
STEPHEN j. BANTA, D Ed, editor?

LARUE POLLARD, Ph D, editor?

Computer Center
SEAN E. O’CONNOR, BS, consultant

Entomology

B. MERLE SHEPARD, Ph D, entomologist and head
JAMES A. LITSINGER, Ph D, entomologist
OSAMU MOCHIDA, D Agr, entomologist
RAMESEH C. SAXENA, Ph D, entomologist

H DAVID CATLING, Ph 1, entomologist*

EARL H. TRYON, ’h D, visiting associate scientist!
A.A. KAREEM, Ph D, visiting scientist?

Integrated Experimental Farm and Grounds

ORLANDO G. SANTOS, MPS, farm and grounds
superintendent

International Rice Germplasm Center

TE-TZU CHANG, Ph D, principal geneticist and head
LIWAYWAY M. ENGLE, Ph D, visiting scienrist!

International Rice Testing Program

V. SESHU DURVASULA, Ph D, plant breeder and
global coordinator

MUHAMM/ D AKBAR, Ph D, plant breeder

ANWAR A. KHAN, Ph D, visiting scientist!

SANG-WON AHN, Ph D, visiting associate plant
pathologist®

M.K. MAJUMDER, Ph D, visiting scientist?

FEDERICO E. CUEVAS-PEREZ, Ph D, IRTP
coordinator for Latin America

K. GOPALAKRISHNA PILLAIL Ph D, IRTD
coordinator for East Africa
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Library and Documentation Center
LINA M. VERGARA, MS, librarian and head

Multiple Cropping

RICHAR:* .\. MORRIS, Py I, agronomist and head!
DENNIS P. GARRITY, Ph D, associate agronomist
O. P. MEELU, Ph D, visiting scientist!

FW.T. PENNING DE VRIES, Ph D), visiting scientist
CHIRTCHART SMITGBOL, Ph D, visiting scientist!

Plant Breeding

GURDEV 8. KHUSH, Ph D, principal plant breeder
and head

DERK HILLERISLAMBERS, Ph D, plant breeder

SANT S.VIRMANI .1 D, plant breeder

DAVID J. MACKILL, ’h D, associate plant breeder

TSUGUFUMI OGAWA, D Agr, associate plant
breeder

D. SENADHIRA, Ph D, assoctate plant breeder

DWIGHT G. KANTER, Ph D, associate plant
breeder'

B. B. SHAHL Ph 1), plant breeder?

EBRAMIMALL A, SIDDI?, Ph D, plant breeder?

MICHEL AL ARRAUDFAU, MS, visiting scientist

CHUNG IK-CHO, Ph D, visitirg scientist!

JEAN-CHRISTOPHE GLASZMANN, Ph ), visiting
associate scientist

CHONG HO KIM, Ph D, visiting scienrist?

LESLEY SITCH, Ph 1), associate plant breeder?

R. THAKUR, Ph 1), visiting, scientist

Plant Pathology

TWNG-WAH MEW, Ph 1, plant pathologist and head

HIROYUKI HIBINO, D Agr, planrt pathologist

| MICHAEL BONMAN, Ph DD, assocate plant
pathelogist

HEI LEUNG, Ph 1, asscciate plant pathologist?

AUNG TIN, I’h D, visiting scicntist?

A ANJANEYULU, Ph D, visiting scicntist?

LINA ILAG, Ph D), visiting, scientist

ARCADIO QUIMIO, Ph D, visiting scientist

Plant Physiology

BENITO 8. VERGARA, Ph D), plant physiologist and
head

SHIGEMI AKITA, D Agr, plant physiologist
GENSHICHI WADA, D Agr, plant physiologist
FRANCISCO J. ZAPATA, Ph D, plant physiologist
S.T. MERCY, Ph D), visiting scientist?

M. 8. NAIK, P'h D), visiting scientist!

B. VENKATESWARLLU, I'h D), visiting scicntist?

Rice Farming Systems Program

VIRGILIO R. CARANGAL, Ph D, agronomist and
head

RAM K. PANDEY, Ph D, agronomist

JAMES R HOOPPER, Ph 1), agronomist?

JERRY L. MCINTOSH, Ph D, agronomist*

ROSENDO K. PALIS, Ph D, agronomist>+*

NOEL P. MAGOR, M Agr, associate agronomist?

ARSENIO D. CALUR, Ph D, visiting, scientist!

ANAKE TOPARK-NAGRM, Ph D, visiting scientist?

Soil Chemistry/Physics

HEINZ.-ULRICH NEUE, Ph 1), soil chemist and head
TERENCE WOODHEAD, Ph D, pl‘lySiCiSt

PAUL R. BLOOM, Ph D), visiting scientist?

M. SHAH, Ph D, visiting scientist!

S. NAGARAJAH, Ph D, visiting, scientist

Soil Microbiology

IWAO WATANARE, D Agr, soil microbiologist and
head

JAGDISH K. LADHA, Ph D, associate soil
microbiologist

PIERRE A. ROGER, D Pedulogie, visiting scientist

Statistics
KWANCHAI A. GOMEZ, Ph D, staristician and head

Training and Technology Transfer

DAN R. MINNICK, Ph D), training specialist and head
GLENN L. DENNING, I’h D, associate scientist-
technology transfer

Water Management

SADIQUL I BHUIYAN, Ph D, agricultural engincer
and head
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D. HAMMOND MURRAY-RUST, Ph D, associate
agriculrural engincer!

Cooperative Research Staft

Africa

S.M.H. ZAMAN, ’h D, IRRI haison scientist!
K. GOPALAKRISHNA PILLAL Ph D, IRTDP
coordinator for East Africa?

Bangladesh

FRANK W.SHEPPARD TR, D) Ed, rescarch systems
spectalist/IRRI representative

DWIGHT G. KANTER, Ph D, plant breeder!

NOEL . MAGOR, M Agr, associate agronomist?

Burma
ROSENDO K. PALLS, Ph D, agronomist?4

China

DIOSCORO L. UMALI Ph D, IRRI haison scientist
(consultant)

Egypt
EBRAHIMALI A, SIDDIQ, Ph D, plant breeder
JACK MARVIN SWAGERTY, B Sc, seed specialist?

India

FRED E. NICHOLS, BS, agricultural engineer!
B.P.GHILDYAL, Ph DD, IRRI haison scientist?
H. D CATLING, Ph D, entomologist

Indonesia

WALTER C. TAPPAN, BS, IRRI liaison scientist
JERRY .. MCINTOSH, h D, agronomist

Japan
Y. TAKAHASHI, D. Agr, part-time [RR]
representative

Latin America

MANUEL . ROSERO, Ph D, IRRI liaison scientist
FEDERICO E. CUEVAS-PEREZ, Ph D, IRTP
coordinator for Latin America

5 B

Madagascar

B. B. SHAHI, Ph D, plant breeder
JAMES R. HOOPPER, Ph D, agronomist

Philippines
ROBERT E. STICKNEY, Ph D, agricultural engincer

T1 siland
DONALD W, PUCKRIDGE, Ph D, agronomist

ety during the year

Joined during, the vear

“Joined and lett during the year
Cooperative research staft
TTransterred




